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Cutler Station of Florida Power & Light Co. 








SEWAREN GENERATING STATION 


PUBLIC SERVICE ELECTRIC AND GAS COMPANY 


The C-E Unit illustrated here is 


now in process of erection at the 





Sewaren Generating Station of the 
Public Service Electric and Gas 





Company at Sewaren, New Jersey. 








It is a reheat unit designed to 
serve a 125,000-kw turbine genera- 
tor operating at an initial steam 
pressure of 1500 psi at 1050 F re- 
heated to 1000 F. 











The unit is of the radiant type 
with a reheater section located be- 
tween the primary and secondary 
superheater surface. A finned tube 
economizer is located below the 
rear superheater section, and re- 
generative air heaters follow the 
economizer surface. 























The furnace is fully water cooled, 
using closely spaced plain tubes ex- 
cept in the roof section, where 
finned tubes are employed. It is of 
the slagging-bottom type, discharg- 


























ing to a quenching hopper. 


Pulverized coal firing is em- 
ployed, using bow1 mills and tilting 
tangential burners. Provision is 
made to use oil and natural gas as 
alternate fuels. B-417 
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ae SIMPLE LEVEL CONTROL 


a 


Feeds in response to drum water level 
changes. For moderate pressures and rat- 
ings. Type BI (Leaflet P-1-D) is standard. 
Type OT (Leaflet P-2-A) is the adapta- 


tion for small boilers. 


PUMP GOVERNORS 


For excess pressure service in boiler feed 
ing. Special types for motor, or turbine- 
driven, centrifugal or re- 
ciprocating pumps. Master 
control available, where 
needed. Each unitdesigned 
for accuracy over a long 
service life under adverse 
conditions. Easily main- 
tained. Write for data, 
outlining your needs. 








Boiler Feed Water Control . . . Excess or 
Constant Pressure Control, Steam or Water 
+++ Liquid Level Control ... Balanced Valves 
. . - Desuperheaters . . . Boiler Steam Tem- 
perature Control... Hi-Low Water Alarms. 





control systems: 


ra] COPES FLOWMATIC 





Simplest, most widely used flow-level type 
feed water regulator; more than 3400 
boilers equipped. Feeds according to steam 
flow and water level to control level closely 
on fast-steaming generators, on any boilers 
taking rapid load swings. Easily adjusted 
and maintained by boiler room personnel. 
Direct-operated Type D-O, see Bulletin 
429-B. Relay-operated Type R-O and air- 
operated Type A-O, see Bulletin 441. 


PRESSURE REDUCING VALVES 






BALANCED VALVES 
Practically 


©- 
frictionless, 


closely balanced. Ports 
designed for individual 
installation. Ideal for sole- 
noid or float operation. 
Leaflet P-3-B, 


NORTHERN EQUIPMENT CO. : 


BRANCH PLANTS 





CANADA 


= Built for jobs too tough for ordi- 
nary stock valves. Each is indi- 
vidually designedfor yourspecific 
needs, with accuracy and depend- 
ability guaranteed. Quiet in op- 
eration. Direct or relay operation 
—with master control if desired. 
Pressure drops up to 2500 psi. 
Sizes to 14-inch. Bulletin 477. 





BOILER STEAM 
TEMPERATURE CONTROL 


Holds uniform steam temperature under all 
load conditions. Sprays water into steam 
through variable-orifice nozzle between su- 
perheater Stages, according to outlet steam 
temperature and rate of flow. Designs 
for boilers with heat exchangers. Write 
for data, outlining your conditions. 


1301 GROVE 


Representatives Everywhere 
ENGLAND FRANCE 





Boiler Feed Water Control... 


Fully-automatic continuous COPES feed means safe, 
economical boiler operation. Choose from three basic 


@ SIMPLE LEVEL CONTROL 


—one control influence 


ee FLOWMATIC CONTROL 
—two control influences 


4 
€e BALANCED FLOW CONTROL 
—three control influences 


2 BALANCED FLOW 








Has three control influences—feed water 
flow, steam flow and water level. Ideal for 
the ultra-modern high duty steam gener- 
ators. Independent of other boiler instru- 
ments and controls; will remain on full- 
automatic when they are out of service for 
routine servicing. Can control through hy- 
draulic couplings. Leaflet P-25, 


DESUPERHEATERS 


As accurate on light flows as 
on maximum loads, Complete 
atomization of cooling water 
over full range of operation, 
because flow is controlled at 
point of dispersion, not by any 
outside valve. Easy mainte- 
nance. Complete unit self con- 
tained. Bulletin 405-B. 





LIQUID LEVEL CONTROLS 


Foropenorclosed vessels. 
Improved float chambers 
or flange-type floats, with 
mechanical or fluid con- 
nection to COPES bal- 
anced valves. Pressures 
to 400 psig. Write for 
details. 


DRIVE: ERIE: PA. 


ITALY 


AUSTRIA 


December 1990—C OM BUSTION 











fe, 
sic 


er 
or 
oT 
= 
ll- 


or 











COMBUSTION 





Dependency on Electricity 


It takes a hurricane such as that which swept the 
Northeast Seaboard on November 25 to drive home to 
most people their widespread dependence upon electric 
energy for carrying on their normal everyday pursuits. 
Among the diverse inconveniences and hardships result- 
ing from partial or complete suspension of electric service 
were stoppage or curtailment of electric railway service, 
both above and under ground, ferry service where dock- 
ing facilities were dependent on electric power, tele- 
phones, street, shop and home lighting, heating with oil 
burners or stokers, electric hot-water heating, cooking 
by electricity, radio and television, not to mention a 
multitude of other electric appliances. 

Had the storm occurred during the week, numerous 
business operations would also have suffered. 

While many of the service stoppages were due to over- 
head distribution lines being down from fallen trees or 
poles, or cut off as a precautionary measure, underground 
distribution also suffered in some cases from inundation. 
The extent and periods of outage varied, of course, with 
the location of the affected area, ranging from a few hours 
to two or more days. Meanwhile, those affected were 
treated to a glimpse of living during the middle of the 
nineteenth century. For the most part the inconveni- 
ences were taken in their stride, as inevitable in an elec- 
tric age where the annual per capita use of electricity 
reaches approximately 1650 kwhr. However, one may 
wonder as to how many stopped to think of the heroic 
efforts of the utility service crews in striving, under ad- 
verse and often dangerous conditions, to restore normal 
services as quickly as possible. These are the men to 
whom major credit is due. 


Troubles from Burning Residual Oils 


One of the best attended and most timely sessions at 
the A.S.M.E. Annual Meeting, from the operating man’s 
standpoint, was that dealing with the burning of residual 
fuel oils in steam boilers. With the marked increase in 
fuel oil consumption by central stations and the influx 
of foreign oils during the past few years, difficulties from 
corrosion and plugging have been encountered. These 
have initiated several studies and resulted in a number 
of published papers on the subject. In general, the 
vanadium content of certain oils was believed to be 
chiefly responsible, although its action and that of cer- 
tain other constituents was not definitely established. 

The survey presented at this session, and reported 
briefly elsewhere in these pages, was most exhaustive in 
that it brought together the operating-experiences of 
practically all the oil-burning central stations, as well 
as the refineries, supplemented by the findings of several 
investigations. It would appear from this that the 
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serious cases are not as widespread as might have been 
supposed; that other contents of the oil, notably sodium 
sulfate, are as responsible as vanadium pentoxide, and 
that trouble from plugging and hot-end corrosion is un- 
likely if tube temperatures are kept below 1100 F. Cold- 
end corrosion in the air heater may present a problem due 
to the sulfur, if the exit gas temperature is low. Here it 
is a matter of balancing a slight decrease in efficiency 
against the cost of washing and maintenance, as well as 
the residual oil price. 


Engineering Manpower 


One of the most important problems facing the engi- 
neering profession at the present time relates to the sup- 
ply of engineering manpower. Several factors contribute 
to the anticipated shortage of engineers. Foremost is 
the international situation as reflected in military mobili- 
zation and defense production. But as far as continuing 
education of engineers is concerned, related factors are 
the pessimistic reports on the future need for engineers 
emanating from the Bureau of Labor Statistics and the 
fact that there are fewer persons now coming of college 
age because of the low birth rate during the depression 
of the 1930’s. By implying that there will not be enough 
jobs for engineers and influencing school counselors to 
discourage high school students to enter engineering, one 
government agency is aggravating the engineering man- 
power problem at the same time that other government 
agencies—to say nothing of private industry—stand in 
need of more engineers. 

The engineering profession through the Engineers 
Joint Council has been asked by the National Security 
Resources Board to suggest policies and methods which 
will insure the effective utilization of engineers for 
large-scale mobilization. An eighteen-man Engineering 
Manpower Commission composed of representatives of 
six engineering societies has been appointed with the 
responsibility of developing policies and procedures de- 
signed to secure the most effective use of engineering 
skills in industry and government during any future 
emergency and of taking necessary steps within the 
scope of the Engineers Joint Council to bring such 
policies and procedures into effect. The situation is 
complicated by the uncertainty of universal military 
training and expansion of R.O.T.C. in the colleges. 
Also, present policies of Selective Services have appar- 
ently led to much confusion concerning the future of 
engineering students. 

The fundamental need is to use the limited reservoir 
of engineering manpower to its best advantage. It is 
to be hoped that the Engineering Manpower Commission 
will be able to set up and implement a policy which will 
forestall the waste of engineering skills that resulted 
from some of the induction procedures of World War II. 
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Architect's perspective of Johnsonville plant 


Johnsonville Steam Plant of the TVA 


A discussion of the design features and 
some of the reasons why certain condi- 
tions and designs were selected. The 
plant is laid out for six 125,000-kw units 
with throttle conditions of 1450 psi, 
1000 F. The first unit is scheduled for 
operation in October 1951 and the others 
at two-month intervals thereafter. 


URING the years following World War II the 
rapidly increasing demand for power in the Ten- 
nessee Valley area soon made it evident that an ex- 

pansion program would have to be undertaken to prevent 
a critical shortage of power in the next few years. From 
July 1, 1948, to July 1, 1950, the average use of power 
jumped from 1,754,000 kw to 2,068,000 kw, an increase 
of 314,000 kw in two years. A study of this problem in- 
dicated that the quickest and most economical way to ob- 
tain this extra power was to firm up the Authority’s 
secondary hydro power by erecting a steam power 
plant. 

Accordingly, funds were requested from Congress for a 
steam plant of three units, each having a capability of 
125,000 kw. These funds were approved in May 1949 
and construction began immediately. In March 1950 one 
more unit of similar capacity was authorized, and during 
the fall of 1950 another two units were authorized, mak- 
ing the total installed capability 750,000 kw. The first 
unit is scheduled for operation in October 1951 with the 
remaining units following at approximately two-month 
intervals. When completed, the Johnsonville Steam 





* Head mechanical engineer and chief of the mechanical design branch, the 
Tennessee Valley Authority, Knoxville, Tenn. 


44 


By H. J. PETERSEN* 


Plant will be the second largest steam-electric plant in 
the world and will make an important and substantial 
contribution to the national defense program. 


SITE SELECTION 


The site selected for the plant was chosen because of 
the advantages it offered in the way of fuel availability 
and transportation, cooling water supply, relation to the 
system load center, topography, transmission facilities, 
and several other factors. When it is realized that the 
six units will burn more than 300 tons of coal per hour and 
will use more than 650,000 gallons of cooling water per 
minute when operating at rated load, the importance of 
such factors is evident. Therefore, the site chosen, as 
most nearly satisfying the requirements for this plant, is 
in Western Tennessee on U. S. Highway No. 70 where it 
crosses the Tennessee River. Coal can be delivered at 
this site by barge, rail or truck. 


POWER HOUSE 


An investigation was made regarding the merits of a 
semi-outdoor type of power house versus the conven- 
tional fully enclosed type. After considerable study it 
was decided that while it is recognized that the semi-out- 
door type offers some saving in first cost, this could be 
minimized with a cheaper type of construction, and the 
operating conveniences of a closed power house need not 
be sacrificed. Accordingly, the superstructure walls are 
faced with aluminum siding, which has a very low erec- 
tion cost, with a horizontal section of brick to relieve the 
monotony of the solid wall for architectural appearance. 
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Relation of Johnsonville to other plants of TVA 


The walls of the turbine room and the office wing and 
service area are a combination of aluminum siding and 
brick and glass block. 

By close supervision of the design, waste space in the 
power house was eliminated in so far as possible, thus fur- 
ther reducing the advantage of a semi-outdoor type. The 
final figure of 19.6 cu ft per kilowatt for the power house 
proper compares favorably with other modern stations of 
this size. If all the shops, offices, storage rooms, etc., are 
included, this figure increases only to 21.2 cu ft per kilo- 
watt. 


Fiy-AsH DISPERSAL 


The tremendous quantities of coal which will be burned 
at Johnsonville would result in a very large emission of 
fly ash from the stacks unless preventive measures were 
adapted. Although the location is not near any large 
centers of population, it was recognized that some steps 


should be taken to eliminate as much of the fly-ash 
nuisance as possible. The mechanical fly-ash collectors 
which are being installed to protect the induced-draft 
fans from excessive erosion will eliminate most of the 
fly ash. Also provision has been made in the power house 
design for the future installation of electrostatic pre- 
cipitators should they prove necessary. The stacks rise 
50 ft above the power house roof, which makes their 
height 171 ft above grade. They also are designed so that 
an additional 100 ft can be added at any future time, 
for better dispersal, if necessary. Wind direction and 
velocity instruments will be installed on the stacks to aid 
in the air pollution studies. 


TURBINE-GENERATORS 


The turbines have a capability rating of 125,000 kw 
with a terminal pressure of 2'/, in. Hg and the steam 
conditions at the throttle are 1450 psi and 1000 F. The 
first four generators will have a capability of 125,000 kva 
at 0.5 Ib hydrogen pressure and 143,750 kva at 15 Ib 
hydrogen pressure. The last two generators are designed 
for a capability rating of 156,250 kva at 30 Ib hydrogen 
pressure. The first four units will be single-shaft tandem- 
compound double-flow units, operating at 1800 rpm with 
generator voltage of 13,800. The last two will be triple- 
flow units operating at 3600 rpm with generator voltage 
of 18,000. At the time the first four units were purchased 
they were among the largest units combining these 
limits of capacity, temperature and pressure. By the 
time the last two units were purchased the major turbine 
builders had developed designs for 3600-rpm machines of 
this size, which partially accounts for the change in 
speed. Another factor is that the 3600-rpm machines 
cost from $400,000 to $500,000 less per unit. The 1800- 
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Station plan for first four units 
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rpm machines have higher efficiencies at lower back 
pressures, but the higher speed units have the better 
efficiencies at the higher back pressures with the change- 
over coming at about 1!/2in. Hg. A study of the cooling 
water temperatures and the load duration curve indicated 
that the units will operate approximately half the time 
on either side of 1!/2-in. Hg back pressure. 

Single-casing versus tandem-compound double-flow 
turbines was investigated. It was found that the savings 
of the double-flow unit due to its higher efficiency at the 
scheduled loadings would more than offset the appre- 
ciably lower cost of the single-casing unit. This, plus the 
fact that no single-casing units of the required capacity 
had been built at the time these units were purchased led 
to the choice of the double-flow turbines. 
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heat balances. Although one or two plants were being 
designed for 1050 F and/or a higher pressure, it was felt 
that these conditions, at that time, were still in the ex- 
perimental stage and they were rejected in favor of the 
1450-psi, 1000-F machines. Since that time the Author 
ity is contemplating the use of 1800-psi, 1000-F turbines 
for future units at another plant. 

The first four units (1800 rpm) will be equipped with 
moisture separators in the cross-over pipe to the low- 
pressure turbines. The turbine manufacturer guarantees 
that this device will remove 24,500 lb of moisture per 
hour at rated load from the steam at this point, resulting 
in a decrease in the turbine heat rate of 34 Btu at this 
load. This moisture will be drained from the separator 
to the lowest pressure heater, thus returning it to the heat 
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Sectional elevation of plant 


Two sets of pressure-temperature conditions were in- 
vestigated; namely, 1250 psi, 950 F and 1450 psi, 1000 F. 
At 1'/,-in. Hg back pressure and rated load the gain in 
heat rate by going to the higher steam conditions is ap- 
proximately 1.45 per cent for the temperature rise and 
approximately 1.0 per cent for the pressure rise, making 
a total gain of approximately 2.45 percent. The econom- 
ics of this gain in heat rate is very favorable, hence the 
higher pressure and temperature were adopted. 

Use of 1050 F and some higher pressure than 1450 psi 
was also investigated, but not to the extent of running 


46 


cycle. The moisture reduction at the end-point because 
of the extractor is approximately from 15 per cent to 
10.6 per cent which will eliminate much of the erosion on 
the last stage blades, thereby reducirg maintenance. 
Use of a moisture extractor in the 3600-rpm machines is 
impractical because of the temperature and pressure con- 
ditions at this point. 

The reheat cycle was investigated, especially for Units 
5 and 6, but it was rejected because the low price of fuel 
($0.18/MBtu) did not offer enough financial advantage 
to overcome anticipated extra complexities of control 
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and maintenance. However, with fuel costs continuing 
to rise and with the added experience being gained in con- 
trol and operation, the advantages of the reheat cycle 
continue to increase, and it is probable that the Authority 
will install reheat units in some future plants. 

The maximum lift for the generator requires a 150-ton 
crane. However, two S80-ton cranes will be installed in- 
stead of one larger one, because it is felt that the slight 
extra cost of this arrangement is more than compensated 
for by the extra flexibility and availability of the two 
smaller cranes. 


HEAT BALANCE 


The diagram here reproduced shows the heat balance 
at rated load and 1'/»-in. Hg back pressure for the first 
four units. The calculated net plant heat rate of 9956 
Btu per kwhr which includes 5 per cent station power, 2 
per cent makeup, and | per cent of the throttle flow each 
for steam and water losses in the boiler, will make the 
Johnsonville Steam Plant one of the most efficient steam 
plants in the world. Inasmuch as experience at other 
plants indicates a makeup of less than 1 per cent, the 
actual net plant heat rate will be somewhat lower. 
































Heat-rate curves 






The number of feedwater heaters was investigated and 
it was found that six heaters gave the best economy. As 
the diagram shows, condensate pumps will pump through 
two low-pressure heaters, one of which will be located in 
the condenser neck (two in the case of Units 5 and 6), 
then into the deaerating heater, from which the boiler 
feed pumps will force the water through three Igh- 
pressure heaters to the economizer in the boiler. The 
deaerating heater has an effective storage capacity of 
200,000 Ib of condensate, which is equivalent to approxi- 
mately twelve minutes of operation. 

Closed heaters were chosen over open heaters because 
of their simpler piping and pumping arrangement. On 
the first four units the three high-pressure heaters are 
designed with internal subcoolers to reduce the drain 
temperature to within 15 deg of the incoming feedwater. 
This was more than justified in the heat rate, and, in 
addition, reduces the flashing in the drain line, thereby 
eliminating to some extent a usually troublesome main- 
tenance item. On the feedwater side, all closed heaters 
are designed for a 5 deg total temperature difference; 
but when Units 5 and 6 were purchased, further study in- 
dicated that a lower drain T.T.D. could be justified and 
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Heat-balance diagram 
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the high-pressure heaters for these units are being de- 
signed for a drain T.T.D. of 10 deg. In addition, a sub- 
cooling section is being added to the second low-pressure 
heater. This addition was primarily to reduce the high 
amount of drain flash, since the two low-pressure heaters 
are located in the condenser neck, and it is impossible 
to design the cascaded drain line such as to avoid entirely 
the erosion of fittings. 


STEAM GENERATORS 


The steam generators will be of the dry-bottom type 
each with a continuous rating of 1,000,000 Ib per hr and a 
three-hour rating of 1,100,000 Ib per hr based on using 
West Kentucky coal. They are completely water walled 
and steam conditions at the superheater outlet are 1475 
psi and 1003 F. Because of the large capacity of these 
units, a study was made to determine whether one or two 
boilers should serve each turbine-generator. The unit 
system of one steam generator per turbine was finally 
adopted because of the proved reliability of steam gen- 
erators of this size, and also because of the large savings 
in first cost, maintenance and operating costs of the unit 
system. To this end, the furnace, superheater, econo- 
mizer and all other components of the steam generating 
units were specified to be designed liberally with respect 
to water-cooled heat-absorbing area, heat release in the 
furnace, tube sizing and spacing, gas velocities entering 
the superheater, etc., in order that the slagging be kept 
at a minimum and the unit availability be kept as high as 
possible. The heat release in the furnace was held to 
15,100 Btu per cu ft per hr and the heat available in Btu 
per sq ft of water-cooled flat projected furnace envelope is 
99,200, both at rated load. The temperature of the gas 
leaving the furnace at this load will be 1940 F which is 
below the fusion temperature of the coal. It is felt that 
with these safeguards the Authority will be able to burn 
any coal found in this area with a minimum of slagging. 

Firing is by pulverized coal with provision for future 
burning of gas. Four pulverizers are provided per fur- 
nace with any three capable of carrying rated load with 
normal coal. There are four vertically adjustable, 
tangential coal burners, four ignitors, and one oil burning 
torch at each corner of the furnace. The oil-burning 
torches have a slightly greater capacity than the mini- 





mum output from one coal pulverizer and will be used in 
starting up the boiler. 

The economics of steam versus air soot blowers was 
investigated. The steam generators purchased have 
only three soot blowers on each side of the furnace at the 
entrance to the superheater section. This low consump 
tion of soot-blowing medium would not justify the in 
vestment required of compressors, tanks, and piping fo1 
air soot blowing so a steam system was chosen. Pro 
vision is made in the economizer section and in the 
furnace for future soot blowers, if they should prove 
necessary. All soot blowing will be by the so-called auto 
matic-sequential system where the pushing of one button 
automatically operates all soot blowers in their proper 
sequence. 

Because of the height of the boiler drum it was found 
impractical to mirror drum level to the centralized con 
trol room. Accordingly, this level will be brought to the 
control room by a “Utiliscope,’’ which is wired television. 
Furnace flame indication will be brought into the control 
room by mirroring glass cat’s-eyes which are to be installed 
in the furnace doors. 

Provision has been made in the circulating parts of the 
steam generator for acid cleaning. 

The superheated steam will be maintained at constant 
temperature (1003 F) down to one-half load. The con- 
trol of this temperature will be by automatic tilting of the 
burners and by desuperheating. 

Regenerative-type basketed air preheaters will be used 
and the exit gas temperature (uncorrected for leakage) 
will be 307 F. Lower exit temperatures were considered, 
but were discarded because of the possibility that exists 
of fouling the air preheater elements when the lower 
temperatures approach the dew point of the exit gases. 
However, provision has been made in the heaters so that 
additional elements may be inserted in the future, if they 
prove desirable. These additional elements will lower the 
exit gas temperatures approximately 20 deg, gaining ap- 
proximately one-half per cent in boiler efficiency. Pro- 
vision also has been made for manually bypassing the air 
preheater during starting up and low-load operation to 
prevent slagging of the heater elements at these relatively 
low temperatures. If operation proves it necessary, this 
bypass can be converted to automatic control. 





Construction view as of late September 
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CONDENSERS 


The condensers are horizontal single-pass units, and 
each will condense 690,000 Ib of steam per hour at 2 in. 
Hg with 79-F circulating water. They each have 70,000 
sq ft of surface, are directly connected to the turbine 
exhaust, and are supported by springs which are an- 
chored to the turbine foundation. A twin-element steam 
jet ejector will remove all non-condensable vapors. 

The use of two-pass condensers was rejected because of 
excessive pumping costs and also because we shall have 
an unlimited supply of cooling water which is required for 
the single-pass design. No chlorination of condensing 
water will be provided for at present, but provision has 
been made for this feature in the future should it be re- 
quired. Moreover, no reverse flow of circulating water 
for trash removal is provided because past experiences 
with plants on the Tennessee River have indicated that it 
was not needed. Racks and traveling screens are deemed 
sufficient to keep the condensers from clogging. 

Each condenser will be served by two vertical mixed- 
flow circulating water pumps, each rated at 56,000 gpm 
at 21-ft head. They are located in the pumping station 
at the river's edge and pump through 78-in. diameter 
concrete pipes to the condensers. Under emergency 
conditions, one pump will operate the system with 85-F 
cooling water to produce 3 in. Hg back pressure at a 
throttle steam flow of 1,100,000 Ib per hour. At this 
rating one unit will pump 74,000 gpm at 10-ft head due 
to the reduced friction loss in the circulating system at 
this lesser flow. All necessary valves and pumps will be 
controlled from a central control room in the pumping 
station. 


PIPING AND VALVES 


All 1000-F main steam piping is forged and bored and 
conforms to the requirements of A.S.T.M. Specification 
\182-48T, except that the chemical composition will be 
in accordance with A.S.T.M. Specification A213—46, 
Symbol T-22, containing 2'/, per cent cliromium and 1 
per cent molybdenum, except that the carbon will be 
limited to 0.10 per cent maximum. Steel is specified to be 
stlicon killed to minimize graphitization. 
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Progress on boilers by mid-October 





A scale model test was performed on the main steam 
piping. There are no loops in this piping and our calcula- 
tions indicated that the stresses were close to the allow- 
able limit. A model test confirmed this by indicating the 
maximum stress to be less than 300 Ib per sq in. under the 
allowable limit. Thus, the use of the model test per- 
mitted us to eliminate loops in this heavy expensive pip- 
ing. It is estimated that the savings because of the elim- 
ination of these loops amounts to $18,000 per unit. 

There are no valves on the main steam line between the 
superheater outlet and the turbine stop valve. Venturi 
valves will be used in the boiler feed discharge lines. A 
cost analysis indicated that the extra pressure loss for this 
type valve was far outweighed by the saving in first cost. 
All 1500-Ib valves have pressure-sealed bonnets. 


CONTROL ROOM 


Throughout the whole design of this plant an effort 
was made to reduce the number of operators required. 
This is especially evident in the design of the control 
room where all the principal mechanical and electrical 
control functions (except switching) are centralized in one 
room. For example, each unit will be provided with an 
80-point temperature indicator-recorder scanning device 
to record the temperatures of all main turbine-generator, 
draft fan, boiler feed pump and pulverizer bearings. 

Each control room will serve two generating units. 
This arrangement called for some ingenuity of design be- 
cause of the multiplicity of control piping and conduit 
concentrated at one point; however, it is felt that the 
result is worth the effort. Some investigation of a single 
control room for each boiler-generator combination was 
made, particularly with a view toward reducing the 
length of the control boards. It is probable that as the 
development of miniature instruments becomes more ad- 
vanced that they may be used in future plants, thus re- 
ducing the size and length of the control boards. 


AUXILIARIES 


No steam-driven auxiliaries will be used except the 
steam jet air pumps for the condensers. The numerous 
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incoming sources of power supply dictated the use of 
motor drives for all auxiliary equipment. 

- Calculations indicated that fluid drives were econom- 
ical for the boiler feed pumps, but not for the mechani- 
cal draft fans. One of the major factors influencing fluid 
drives for the pumps was that we omitted the boiler feed- 
water regulating valve in the pump discharge line, thus 
eliminating pumping against the high-pressure drop 
across the regulating valve. The speed of the pump 
which regulates the feedwater flow is controlled by the 
fluid drive. 

Three boiler feed pumps are provided for each boiler 
with any two capable of handling the rated load. These 
pumps are barrel-casing type and are rated 1209 gpm at 
4770-ft head with 290-F water. They each have a shut- 
off head of 5505 ft, and the impellers are designed with a 
rising pressure characteristic which will prevent hunting 
with its consequent surging at the part-load operation. 
They operate under a net positive suction head of 66 
feet. 

The test block requirements of the forced-draft fans 
are 160,000 cu ft of air per minute against 12.5 in. water 
pressure and of the induced-draft fans are 250,000 cfm of 
gas against 14.75 in. water pressure. There are two of 
each per boiler, and the ratings established are such that 
a continuous output of approximately 600,000 Ib per hr 
may be obtained from the boiler with only one forced- 
draft and one induced-draft fan operating. Speeds were 
limited to 900 rpm for the forced-draft fans and 600 rpm 
for the induced-draft fans. All fans are direct-connected 
and volume regulation is by means of inlet vanes and 
inlet dampers. 

The general scheme of ventilation is for the incoming 
air to be blown in at the lower levels in both the boiler 
room and the turbine room. Additional outside air will 
be blown in at the heater area level to make these hot 
spots more comfortable. The floor areas and gratings 
are designed to make the inlet air for the forced-draft 
fans pass from the lower power house levels to the fan 
floor up along the walls of the boiler. In this way the air 
will pick up a good deal of heat from the radiation from 
the boiler thereby increasing its temperature before it 
reaches the forced-draft fan inlet. Since each 38 deg 
rise in this air increases the efficiency of the boiler ap- 
proximately one per cent, the advantage of this arrange- 
ment becomes obvious. The whole power house is under 
a slight positive pressure from the supply fans, which 
helps prevent infiltration of dust and dirt. 

All the main auxiliaries which will have a direct in- 
fluence on the plant output, such as draft fans, feedwater 
pumps, condensate pumps, condenser circulating water 
pumps and pulverizers, were investigated as to their 
capacities during times of reduced frequency and/or 
voltage. It was found that each generating unit will be 
able to maintain an output of 125,000 kw with frequency 
reduced to 55.2 cycles at 100 per cent voltage, or with a 
frequency of 56.3 cycles at 83 per cent voltage. 

The capacity of the coal bunkers was fixed at 2200 tons 
per unit. This capacity was decided upon because it is 
enough coal to run the units at rated capacity over a 
week end, thus eliminating any coal handling activi- 
ties over that period. The coal yard has sufficient area to 
store 1,000,000 tons of coal. Because of the large size of 
the storage area, mobile coal-handling equipment will be 
used. 
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The furnace ash, fly ash and pyrites will be removed 
by a jet system, rather than by pumping. This method 
of handling the ash was selected because the Authority 
believes it involves less maintenance and operation. 
The fly-ash system will be controlled by an automatic 
sequential arrangement whereby each hopper is auto- 
matically unloaded in its proper sequence. 

Plant service air will be obtained from three 660-cfim, 
two-stage, air compressors operating at 100 psi. Air for 
the various control instruments will be obtained from a 
separate system of two single-stage compressors, each 
rated 440 cfm at 100 psi. These latter machines will have 
non-lubricated carbon rings in the cylinders to prevent 
oil leakage past the pistons where it might reach the in- 
struments. 

A completely automatic sodium-zeolite system is being 
provided for treating the makeup water delivered to the 
evaporator, and a secondary chemical system will be 
provided for feeding sulfite, phosphate and caustic soda 
to the feedwater as required. 

All engineering and construction work on this plant is 
under the direction of C. E. Blee, chief engineer; R. A. 


Monroe, chief design engineer; G. K. Leonard, chief 
construction engineer; and J. S. Bowman, chief water 


control planning engineer. 


All mechanical design is 


under the supervision of the writer. 


JOHNSONVILLE STEAM PLANT—PRINCIPAL 
EQUIPMENT FOR SIX GENERATING UNITS 


ITEMS 


Turbine-generators (Units 1, 2, 
3 and 4) 

Turbine-generators (Units 5 and 
6) 

Steam generators 


Soot blowers 
Condensers 

Feedwater heaters 
Deaerating heaters 
Evaporators 

Boiler feedwater pumps 


Condenser 
pumps 
Combustion controls and con- 
trol boards 

Piping contract 

Ash-handling system 

Draft Fans 

Fly-ash collectors 

Boiler room coal scales 

Coal valves 

Zeolite softeners 

Secondary chemical feed equip- 
ment 

Station service air compressors 


circulating water 


Control air compressors 

Valves—high pressure 

Safety valves 

Butterfly valves 

Condenser water conduits (78- 
in. diameter) 

Turbine room cranes 

Traveling water screens 

Coal-handling equipment 

Powerhouse structural steel 

Stacks 

Aluminum siding and steel roof 
decking 

Main Transformers 


Main switchboard 
Auxiliary switchboard 
Auxiliary switchboard 
Station service transformers 


Oil circuit-breakers 


CONTRACTORS 
General Electric Co. 


Westinghouse Electric Corp. 


Combustion Engineering-Super- 
heater, Inc. 

Diamond Power Specialty Corp. 

Ingersoll-Rand Co. 

The Lummus Co. 

Elliott Co. 

Foster Wheeler Corp. 

Worthington Pump and Machin- 
ery Corp. 

Ingersoll-Rand Co. 


Bailey Meter Co. 


National Valve and Mfg. Co 
United Conveyor Corp 
American Blower Corp. 
Western Precipitation Corp. 
Richardson Scale Co. 
Columbus Conveyor Co. 
Hungerford and Terry, Inc 
Proportioneers, Inc. 


Pennsylvania Pump and Com- 
pressor Co. 

Bury Compressor Co. 

Chapman Valve Mfg. Co. 

Foster Engineering Co. 

Henry Pratt Co. 

Lock-Joint Pipe Co 


Judson Pacific Murphy Corp. 
Chain Belt Co. 

Link-Belt Co. 

Ingalls Iron Works 
Birmingham Tank Co. 

H. H. Robertson Co. 


Westinghouse Electric Corp. 
and General Electric Co. 
Allis-Chalmers Mfg. Co. 
Westinghouse Electric Corp. 
I.T.E. Circuit Breaker Co. 
Westinghouse Electric Corp. 
and General Electric Co. 
Westinghouse Electric Corp. 
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ITH an attendance of approximately 5000 

the Seventh-first Annual Meeting of the 

American Society of Mechanical Engineers at 
the Statler Hotel, New York, November 26—December 
|, comprised 83 sessions and over 200 technical papers, 
in addition to numerous special luncheon talks and 
social events. The diversified program included ses- 
sions on Fuels, Power, Heat Transfer, Applied Me- 
chanics, Fluid Meters, Production, Hydraulics, Gas 
Turbines, Management, Oil and Gas Power, Railroads, 
Instruments and Regulators, Wood, Materials Han- 
dling, Aviation, Machine Design, Rubber and Plastics, 
Safety, Petroleum, Lubrication, Textiles, Process Indus- 





New A.S.M.E. President 


tries, Metals Engineering and Rockets. However, only 
certain fuels and power papers are abstracted in the 
following report of the meeting. 

The incoming president of the Society is J. Calvin 
Brown, Los Angeles engineer and patent attorney, who 
succeeds James D. Cunningham of Chicago. 


Central Station Cost Study 


G. R. Milne of the Consolidated Edison Co. of New 
York, Inc., gave the results of cost studies made to 
determine the most economical size and type of boiler 
and turbine-generator for a new station on his Com- 
pany’s system in a paper entitled ‘““Basic Cost Study 
for a Generating Station.’’ The following are some of 
the basic assumptions that were made: 


1. Feedwater temperature of 450 F. 

2. Six stages of feedwater heating (a supplementary 
study was made comparing the economy of 
five, six, seven and eight stages; also a com- 
parison of the cost of a single boiler feed pump 
versus that of a combination of booster pumps 
ahead of the boiler feed pump). 

3. l-in. Hg back pressure with 45 F circulating 
water. 
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4. Motor-driven auxiliaries used throughout. 

5. Auxiliary power requirements assumed as 7 per 
cent of gross output. 

6. Study limited to maximum steam temperatures 
of 1050 F. 

7. Fuel cost of 40 cents per million Btu. 

8. Initial annual loading of 5000 hr at full load; 
1500 hr at */, load and 1000 hr at '/2 load. 


In comparing units of 80, 110 and 160-megawatt 
maximum capability it was found that the largest 
units held an economic advantage. Similarly, the 
single boiler arrangement showed a favorable cost dif- 
ferential ranging from 3'/2 to 7'/2 per cent by compari- 
son to two boilers per unit. Based on a single-boiler- 
per-turbine arrangement, a cross-compound unit was 
found to be more economical than a tandem compound, 
and in addition the former had a quadruple exhaust 
providing a higher overload capacity. The most 
economical non-reheat cycle evaluated was found to be 
1450 psig, 1050 F, while the most economical reheat 
cycle, 1800 psig, 1000 F, 1000 F, had an evaluated cost 
4'/y per cent under the non-reheat cycle just noted. 
The arrangement finally selected was a 160-megawatt, 
3600/3600-rpm cross-compound unit with a single 
boiler per turbine operating on the reheat cycle at 1800 
psig, 1000 F, 1000 F. 

An investigation was also made to determine the 
number of feedwater heaters. Based on fuel at 40 
cents per million Btu and 6 deg F terminal difference in 
closed heaters, the cycle using seven stages of heating 
with closed heaters both above and below the deaerator 
is justified. The cycle selected has a theoretical net 
heat rate of 9335 Btu per kwhr, excluding certain 
losses, and actual net station heat rate approximating 
9700 Btu per kwhr. 


Discussion 


The selection of 1000 F for both primary and reheat 
steam temperatures was believed by one engineer to 
ease the problem from the standpoint of materials, since 
ferritic steels may be used. Already columbium, one of 
the constituents for alloy steels in higher temperature 
service, has been restricted. There was some question 
as to why the cross-compound turbine was found to be 
more economical than a tandem-compound unit. The 
subject of preferential loading of the most efficient 
plant during early years of operation indicated a 
divergence of opinion, one discusser saying that it can- 
not be justified and another advocating this type of 
operation. 


Furnace Performance Factors 


The third phase* of the investigations of the Special 
Research Committee on Furnace Performance Factors 


* The first phase of this investigation was carried out at the Tidd Station 
of The Ohio Power Co. and has been published in Trans. ASME, vol.70, July 
1948, pp. 553-619; the second series of tests took place at the Paddy's Run 
Station of the Louisville Gas & Electric Co. and was reported at the 1949 
ASME Annual Meeting in paper Nos. 49-A-42, 49-A-117 and 49-A-118. 
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dealing with furnace heat absorption when burning 
pulverized coal was reported in two parts. These re- 
ports are based on a series of thirteen tests made in 
June 1949 on a single drum B. & W. boiler rated at 
500,000 1b of steam per hour at 1350 psig and 950 F at the 
superheater outlet. This unit which is located at the 
Willow Island Station of the Monongahela Power Com- 
pany, Willow Island, W. Va., has a water-cooled dry- 
bottom furnace that is fired through the roof with six 
multi-tip inter-tube burners. The tests were made to 
determine the effect on furnace heat absorption of 
variations in load, excess air and the arrangement of 
burners in service. 

Part I, “Furnace Heat Absorption Efficiency As 
Shown By Temperature and Composition of Gases 
Leaving the Furnace,” was prepared by James W. Myers 
and Richard C. Corey of the Combustion Research Sec- 
tion of the Bureau of Mines. The furnace heat absorp- 
tion was determined as the difference between the net 
heat input and the heat losses comprising the sensible 
heat in the products of combustion and radiation and 
convection losses from the furnace casing. During the 
thirteen tests the gas temperature at the furnace out- 
let varied considerably with position. Generally, the 
highest temperature occurred on the right side of the 
furnace outlet and the lowest on the left when sym- 
metrical burners were in operation. With other burner 
arrangements, the maximum temperature occurred 
between the center and left side, and the minimum 
usually was found between the center and right side. 
In several tests, particularly those with all burners in 
service, very low temperatures were observed near the 
division wall, which was ascribed to low gas velocities 
or eddy currents. Disregarding these low points, the 
spread in the temperature of exit gases varied from 200 
to 460 F. It was concluded that the temperature dis- 
tribution patterns have a complex relationship with 
distribution of fuel and air to the burners, the velocity 
and path of the gas between the burners and the furnace 
outlet, and the location and extent of ash deposits on 
the walls. 

Good agreement was noted, except for one test, be- 
tween the furnace heat absorption calculated from 
heat-balance data and the heat required for generation 
of steam. Approximately 90 per cent of the evapora- 
tion occurs within the furnace, excluding the screen. 
The maximum corrected furnace heat-absorption effi- 
ciency was 56.6per cent at halfload, when operating with 
two mills and 24 per cent excess air. The lowest 
efficiency, 42.4 per cent, was obtained at full load with 
24 per cent excess air and with all burners in service. 
The furnace heat-absorption efficiency decreased with 
an increase of excess air in all cases, the decrease being 
more pronounced at higher loads. Although the evi- 
dence is not entirely conclusive, it would appear that 
the effect of excess air on the heat-absorption efficiency 
is independent of the location of burners in operation. 
With all other conditions held constant, the heat- 
absorption efficiency decreased with increased values of 
net heat available. 

The study shows the feasibility of a relatively simple 
correlation of furnace heat absorption with the tempera- 
ture of the gases at the furnace outlet. Although this 
correlation may be used to evaluate the effect of such 
factors as flame area and emissivity, it is an empirical 
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treatment. There is a need to understand more fully 
how such fundamental variables as furnace geometry, 
firing method, burner location, and fuel and air distribu- 
tion control the flame shape, ash deposits and furnace- 
outlet temperature. 





Part II ‘‘Variation in Heat Absorption As Shown By 
Measurement of Surface Temperature of Exposed Side 
of Furnace Tubes’’ was presented by F. G. Ely and 
N. H. Twyman of the Research and Development Dept. 
of The Babcock & Wilcox Co. It is concerned with 
supplementary and independent measurements of fur- 
nace heat absorption obtained from special thermo- 
couples installed in furnace wall tubes. Since the fur- 
nace comprises a major portion of steam generating 
surface and thereby serves to reduce the temperature of 
combustion products to acceptable values for entrance 
to the superheater, the proportioning of heat-absorbing 
surface of the furnace and superheater becomes a criti- 
cal design function. Deviations in the functioning of 
either of these components must be accounted for 
quantitatively and provision made for positive com- 
pensation in the daily operation of the unit. 

Supplementary tests were made using a sampling 
arrangement of special thermocouples installed in the 
furnace wall tubes in such a manner that the tempera- 
ture drop through the tube metal could be evaluated, at 
least relatively, in terms of heat flux. A total of 124 
furnace-wall-tube thermocouples were installed during 
the erection of the boiler and were connected by external 
lead wires to a Leeds & Northrup Speedomax Recorder 
equipped with a special selector switchbank which per- 
mitted scanning the entire group in approximately 24- 
minute cycles. The pattern of placement was in- 
tended to provide a sampling which would measure and 
show the distribution of the heat absorption rate. 

The tests disclosed that the effects of ash materially 
distort any simple comparison that might be drawn 
from their limited number. However, these generaliza- 
tions seem justified : 

1. Increased load increases the maximum rate of 
heat absorption and markedly increases absorption of 
the ash-free lower portions of walls and hopper section. 

2. The effect of increase or decrease in excess air is 
obscure but may similarly increase the proportion of 
heat absorbed in the lower part of the furnace. 

3. Use of all burners transfers more duty to the 
upper part of the furnace, while the opposite effect is 
indicated for an unbalanced burner arrangement. 


Prevention of Embrittlement Cracking 


Some twenty-five years ago intercrystalline cracking 
of boiler steel, as caused by the building up of concen- 
trated caustic in contact with stressed metal, was 
thought to be inhibitable by maintaining a definite sul- 
fate-alkalinity ratio in the boiler water. Therefore, 
these recommended ratios were incorporated in the 
ASME Boiler Code in 1926. Subsequently, however, 
it was demonstrated that such treatment was uncertain, 
particularly at higher pressures; but research pointed 
to the effectiveness of tannin, lignin and sodium nitrate. 

In this connection, an embrittlement detector had 
been developed at the Bureau of Mines Boiler Water 
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Research Section at College Park, Md. This detector 
was widely described in the technical press at the time 
and has since been in use at many utility and industrial 
power plants. In brief, it is a device attached to a 
boiler in such a way that partial evaporation and con- 
centration of the boiler water takes place on the stressed 
surface of a test specimen which forms part of an 
especially designed seam. 

A. A. Berk, of the Bureau of Mines, in a paper on 
“The Prevention of Embrittlement Cracking,’’ sum- 
marized the results of some 2000 tests obtained with 
600 detectors in 500 boiler plants as reported during 
1949, as well as 500 tests on locomotive boilers. The 
results showed the effectiveness of sodium nitrate, 
tannin and zero-caustic treatments. Nitrate and 
quebracho are inhibitors of intercrystalline corrosion in 
hot, concentrated caustic solutions; and the zero-caus- 
tic treatment (also called the ‘‘coordinated phosphate’’ 
or ‘‘captive alkalinity’’ method) prevents the forma- 
tion of concentrated solutions of caustic. 

Because of the interest for a quarter of a century in 
the sulfate-alkalinity ratios, data for pressures to 250 
psi were re-examined. In 57 tests where the recom- 
mended sulfate-carbonate ratios were satisfied, caustic 
soda was present and nitrate or tannin was not present 
in significant amounts. Cracking resulted in 39 of 
these tests which corresponded approximately to the 
frequency of failure in the group of tests representing no 
treatment. In contrast, there were no failures where 
the concentration of free caustic was zero, fewer than 
one per cent where the water was treated with nitrate, 
and fewer than 8 per cent where quebracho or tannin 
treatment was used. 

Twenty-six cases of cracking of stationary boilers had 
been investigated by the author during the period 1942- 
1949; of these, twenty-four were definitely due to 
embrittlement. In six of the plants the boiler drums 
were welded and in the others riveted. Cracks were 
found in butt straps, drum metal, tube seats and tube 
ligaments. In no instance was nitrate or a tannin type 
inhibitor present in concentrations shown by embrittle- 
ment-detector tests sufficient to prevent cracking. 
The effectiveness of the sulfate-alkalinity ratios could 
not be accurately proved or disproved, however, inas- 
much as none of the plants had complete data to show 
that the ratios had always been maintained. Never- 
theless, five of these plants (four at pressures under 400 
psi) maintained the prescribed ratios at the time of 
failure. 


Discussion 


In discussing Mr. Berk’s paper R. C. Bardwell, of the 
Chesapeake & Ohio Railroad, told of the first cases of 
caustic embrittlement encountered in locomotives of 
that railroad as far back as 1912 and of an epidemic of 
intercrystalline cracking around 1930. In most of these 
cases high sulfate-alkalinity ratios were being employed. 
Detectors were then employed and with some waters the 
test metal specimens shattered in 15 days. However, 
since treatment with sodium nitrate has been adopted, 
such troubles have ceased. This treatment is now 
recommended by the American Railway Engineering 
Association. Criticism was directed by several discus- 
sers at retention of the sulfate-alkalinity ratio in the 
A.S.M.E. Boiler Operating Code. It was contended 
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that, among the several methods of inhibiting embrittle- 
ment, sodium nitrate is the most effective and superior 
to zero alkalinity. 


Humiidification of Combustion Air 


‘Fireside Deposits on Steam Generators Minimized 
Through Humidification of Combustion Air’’ was the 
title of a paper prepared by Paul Murphy, Jr., John 
D. Piper and Chester R. Schmansky of The Detroit 
Edison Co. The work reported is said to be the first 
instance in which combustion air has been humidified 
for the specific purpose of reducing the formation of 
high-temperature deposits in large stoker-fired steam 
generators and for which proof is given that humidifica- 
tion accomplishes that purpose. 

Chemical analyses of deposits removed early in 1949 
from the superheaters of stoker-fired units at the 
Delray Station showed that these deposits could be 
classified as being of the alkali-matrix type. It has 
been reported that sodium, potassium and lithium 
compounds volatilize or are carried in flames from the 
fuel bed and condense upon cooler surfaces, where they 
react with sulfur trioxide to form sticky semi-fluid sul- 
fates, bisulfates and pyrosulfates. After reviewing 
theories concerning the formation of alkali-matrix 
deposits, a decision was made to investigate the possi- 
bility of eliminating the volatilization of sodium and 
potassium compounds. One procedure is to add a 
reactant that will render the product less volatile than 
the original, material; by adding moisture an endother- 
mic water-gas reaction may take place in the fuel bed. 
The heat thus absorbed should be recoverable when the 
products of the reaction burn. 

For many years it had been known that superheater 
deposits formed more rapidly in winter than in summer 
at the Delray Station. The amount of water vapor per 
hour entering the fuel bed with combustion air was 
computed from U.S. Weather Bureau data for 1948 and 
1949, and it was found that there was striking correla- 
tion, especially for the latter year, with periods of high 
humidity coinciding with periods of low stack-gas 
temperature and high efficiency. Therefore it was 
decided to make a test run in which a total input of 
7000 Ib per hr of moisture were introduced for a steam- 
ing rate of 325,000 Ib per hr, or 16.4 lb of moisture per 
1000 Ib dry air. Flexible control was provided so that 
the amount of moisture, which was added as saturated 
steam, could be adjusted each hour to compensate for 
changes in the absolute humidity of the outdoor air. 
Before the test began on December 3, 1949, the external 
heating surfaces were given a routine scraping and 
alkali-water washing, and the economizer and air heater 
surfaces were fairly well cleaned, although the less 
accessible superheater surfaces held the usual residual 
blue-gray deposits. 

A test was run for 133 days with humidification. 
During this period the stack-gas temperature increased 
but 10 deg F, while the boiler-outlet gas temperature 
rose approximately 50 deg F in the first 60 days of 
operation and then remained essentially constant. 
Through this period the steam generator was capable of 
steaming 400,000 Ib per hr, and it was observed that 
there was less deposit on the front rows of superheater 
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tubes than would have been the case in 30 to 50 days 
without humidification. The economizer was remark- 
ably clean; the water walls and boiler tubes remained 
free of white deposits which normally accumulate; the 
air heater was in the same condition at the end of the 
133-day test as is generally found after 30 to 50 days 
without humidification. 

According to information available to date, the 
humidification requirements will average 1.3 per cent 
annually, with a peak of 2 per cent during the coldest 
part of the winter. With what is already known con- 
cerning humidification it would appear that this 
method, by keeping heating surfaces cleaner, will 
improve average efficiency at least enough to compen- 
sate for the cost of its use, thereby leaving a distinct 
gain through better availability and lower maintenance. 


Discussion 


Great interest was expressed in the humidification 
experiments of The Detroit Edison Company, and al- 
ready a number of utilities are humidifying air for 
stoker-fired installations. Mention was made of an 
English plant in which flue gas was recirculated and in- 
troduced into the fuel bed to accomplish much the same 
result. In plants already having low makeup require- 
ments and limited water treatment facilities, humidifi- 
cation may introduce some problems by requiring an 
additional 1'/2 per cent makeup. There was general 
agreement that The Detroit Edison Company had per- 
formed a real service in making available detailed re- 
ports on the humidification tests. 


Coal Handling 


The Materials Handling Division sponsored two 
papers on coal handling, the first of which by Frank 
W. Lovett of Link-Belt Co. was entitled ‘“‘Methods of 
Handling Coal at Today’s Power Plants.’’ Among 
factors that should be considered in selecting a coal- 
handling system are present means of receiving coal 
and possibilities of future changes, amount of storage 
space for stacking out and reclaiming, provision for 
increasing capacity of the coal-handling system at the 
time of plant expansions, size and location of plant, and 
type of coal used. 

Several trends in power plant design affect the design 
of coal-handling systems. Greatly increased hourly 
rates are required to unload and handle coal because 
individual stations of today have greater generating 
capacity and require dependable performance in assur- 
ing continuous electrical output. The conveyor de- 
signer encounters many problems as a result of poorer 
grades of coals which contain wet fines, sometimes with 
considerable clay, and are difficult to handle in hoppers, 
chutes and bunkers. Because of the uncertainty of 
coal supply due to potential mine strikes and trans- 
portation delays, increasingly large reserve storage is 
required, though there is compensation in purchasing 
coal for future use at favorable prices. Higher labor 
costs and the difficulty of obtaining men to work at 
unloading stations when cleaner, less hazardous jobs 
are available must be considered. The desire for better 
housekeeping requires that dust be controlled at un- 
loading stations and transfer points. 


54 





For current central stations coal-handling systems 
will vary in cost between $3 and $5 per kilowatt of 
installed capacity, depending upon the capacity, type 
and scope of operation of equipment used. Plants 
handling 300 tons or more per hour and having rail 
delivery are finding increasing use for the rotary car 
dumper. This has the ability to unload any type or 
kind of coal in the largest or smallest type of open-top 
gondola car by the simple expedient of turning it up- 
side down. Some dumpers have been designed for 40 
or more cars per hour. 

Unloading hoppers are usually housed to prevent 
accumulation of coal and ice, particularly in colder 
climates. In areas having long freezing seasons it is a 
good practice to provide thawing pits. Belt feeders are 
increasing in popularity because of their simplicity of 
design, readiness to be made dust-tight, and easy main- 
tenance. Belt conveyors are used almost exclusively in 
coal-handling systems of 150 tons per hour or greater 
capacity. In modern stations single-length belts are 
handling from 1000 to 2400 tons per hour, and improve- 
ments in belt construction have made possible the in- 
crease of length between centers to as much as 11,000 
feet. 

Bulldozers and carryalls are now being used quite 
extensively for storing and reclaiming coal. They can 
be operated over rough terrain for extended periods 
without excessive operating costs or maintenance. 


A unique method for handling the clam-shell bucket 
of the coal unloader at the Philips Power Station of the 
Duquesne Light Company was described in a paper by 
E. M. Hays of the Engineering Works Division of the 
Dravo Corporation. Entitled ‘‘Versatile Coal Han- 
dling Installation for Public Utility Power Station,’’ the 
paper enumerated features which contribute to low 
operating cost and high production rate. 

Operating on alternating current, the unloader has a 
rope reeving arrangement which eliminates clutches 
and brakes on hoisting arms, minimizes spillage and 
simplifies operation by eliminating much of the personal 
judgment heretofore required. The station is located 
at Wireton, Pennsylvania, on the Ohio River, and coal 
is obtained by barge. There are two 10-hp single-drum 
winches which operate in tandem to move the barge 
past the unloader at a normal pulling speed of 26 ft per 
min. These winches have electric, full-magnetic con- 
trollers with master switch operation located in the 
coal unloader operator's cab. 

The coal bucket is a four-rope, fleet-through geared 
hinge, corner-bar bucket having a normal capacity of 
6'/p tons. A counterweight which counterbalances the 
total weight of the bucket plus one-third of the material 
at full load moves opposite to the direction of travel of 
the bucket. When hoisting a fully loaded bucket the 
load on the motor is equal to two-thirds of the material 
load in the bucket, and when lowering the empty bucket 
the load on the bucket is a hoisting load resulting from 
the moving counterweight equivalent to one-third of 
the material load. With a positive hoisting load for 
bucket lowering, a simple reversing electromagnetic 
controller provides smooth slow-down speed. 

The unloader is able to make a round trip consisting 
of digging a full bucket of coal from the barge, transport- 
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ing it to a point over the hopper, and returning empty 
to the barge in 33 sec. In conjunction with the barge 
mover and an efficient operator, the unloader is capable 
of handling approximately a net coal volume of 500 tons 
per hour. 

Low cost of operation is anticipated because of the 
following: 


|. Equalization of rope tension in hoisting the 
bucket, assuring longer rope life. 

2. Counterweighting which results in a smaller 
hoisting horsepower requirement and good 
speed control in lowering the bucket. 

3. Spillage minimized due to positive closing before 
hoisting. 

+. Elimination of much personal judgment through 
automatic bucket closing and rope equaliza- 
tion. 


Determination of Dissolved Solids in 
Steam 


Sheppard T. Powell, consulting chemical engineer, 
and I, G. McChesney, of Rochester Gas & Electric 
Corp., described an apparatus that was developed to 
simplify the determination of dissolved solids in steam 
by electrical conductivity measurement while prevent- 
ing contamination of the sample by gas or by impurities 
picked up in the sampling or testing apparatus. Be- 
cause dissolved gases often combine chemically with the 
condensate it was necessary to take steps to prevent 























Apparatus for measuring the specific conductivity of high- 
pressure steam samples 


initial contamination of the condensate as it is formed 
in the sampling and measuring system. This is ac- 
complished by drawing off the steam at high velocity in 
such a manner that the exposed surfaces of the conden- 
sate particles are thoroughly scrubbed by steam passing 
through the sampling tube. The sketch shows the 
veneral arrangement of the apparatus. 

The apparatus is designed for use when sampling 
steam in a pressure range from somewhat above atmos- 
pheric to extremely high pressures and the discharge is 
at atmospheric pressure. It has been tested over a 
period of nearly two years and has been operated for a 
period of eighteen months with only minor adjustments. 
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Moreover, it is capable of recording solids in the steam 
well below one-half part per million, the accuracy hav- 
ing been checked against meticulous evaporation of a 
number of large samples. 


Operation with Hot-Lime-Zeolite 
Process 


In a paper describing pretreatment by this means of 
boiler makeup for maximum hardness, silica and 
bicarbonate reduction, Messrs. L. F. Wirth, of National 
Aluminate Corp., and W. S. Butler, of Dow Chemical 
Company, related experience at the Ludington plant 
of the last-mentioned company over a period of more 
than eight months. 

With makeup taken from the Pere Marquette River, 
this plant, containing two 225,000-lb per hr, 425-psi 
boilers, had originally employed the hot lime-soda- 
phosphate system at an operating temperature of 230 F. 
Subsequent changes in the plant product requiring the 
direct usage of 40,000 to 50,000 lb of steam per hour in 
process brought the makeup requirements beyond the 
capacity of the existing softening system, and considera- 
tion had to be given to selection of a new system. 

Decision was in favor of trying hot styrene-type 
resinous-exchange material, which recent pilot plant 
studies had shown to be applicable to secondary soften- 
ing following the hot lime soda process. This was 
tried for a period of 41 days and resulted in total hard- 
ness reduction from 167 ppm as CaCQ, in the raw water 
to 1.8 ppm in the secondary effluent, but silica reduction 
was negligible and the average CO: content of the steam 
was 5 ppm. Turbidity of the primary softener effluent 
averaged 40 ppm as SiOz. 

Next it was decided to determine the effect of the 
addition of sodium aluminate to the primary softener, 
followed by the hot styrene resin exchange. This had 
the effect of further reducing the final total hardness to 
0.6 ppm, the silica to 0.8 ppm and the turbidity to 4 
ppm, as SiOe. The CO, in the steam averaged 5 ppm. 

This combination was then modified by incorporating 
a sludge blanket and recirculation of 5 per cent of the 
sludge with the result that turbidity of the effluent of 
the primary softener was reduced to 2 ppm and the 
carbon dioxide in the steam to 3 ppm. 

Finally, the primary treatment was changed to hot 
lime-sodium aluminate, with sludge blanket, followed by 
the hot styrene resin exchange. The results of 51 
days’ operation gave an average total hardness reduction 
from 167 ppm as CaCO; in the primary influent to 0.5 
ppm in the secondary effluent, of which 0.1 ppm was 
magnesium; silica reduction from 3 ppm to 0.5 ppm; 
turbidity averaged 0.7 ppm; and CO, in the boiler 
steam | ppm. 

The conclusions from this eight-month study under 
actual operating conditions were as follows: 


|. Hardness of the secondary softener effluent of a 
hot lime-aluminate-styrene resin softener can be re- 
duced to 0.4 ppm, of which 0.1 ppm is magnesium. 

2. With sludge recirculation, silica can be reduced 
to 0.3 ppm as SiOx. 

3. Sodium aluminate fed together with the lime 
results in turbidity of | ppm or less in the influent to the 
secondary softener. 
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4. When lime and sodium aluminate alone are used 
for the primary treatment the CO, content of the steam 
can be maintained at 1 ppm, which should be helpful in 
eliminating magnetic iron oxide deposits. 


The accompanying sketch shows the projected layout 
of the softening system installed at this plant. While 
improved operation of the ion-exchange units might 
result from inclusion of filters between the primary and 
secondary stages, space limitations preclude their 
installation. 


Discussion 


A question was raised as to the advisability and safety 
of omitting filters between the settling tank and the 
zeolite bed in the installation described. There may be 
some danger of break-through at unpredictable times 
which filters may help to prevent. Several discussers 
mentioned the possibility that the addition of sodium 
aluminate to the primary softener may lead to the 
formation of complex aluminate compounds in the 
feedwater. The use of styrene-type resins to treat high- 
temperature cooling water which would otherwise be 
discarded was proposed. 


Expanded Tube Joints 


The making of expanded tube joints in tube sheets of 
unfired pressure vessels was discussed in a paper by 
F. F. Fisher and G. J. Brown, both of The Detroit 
Edison Company. The authors reviewed present-day 
practice of rolling-in such tubes and presented informa- 
tion gained from installing, retubing, testing and repair- 
ing many types of heat-exchangers. 

They recommended that the optimum degree of ex- 
panding be determined by tests conducted in advance of 
actual rolling operations and that the information so 
obtained be recorded and made available to others. 
Preference is given to the automatic relay-operated 
technique for uniform tube rolling. 

It was proposed that tube joints be shortened to a 
minimum; and that with thick tube sheets, the unrolled 
portion of the joint be sealed by lightly rolling a short 
section of tube, preferably with automatic tube rolling 
devices. The same method was preferred when rolling 
tubes to specific design instructions, because manual 
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rolling-in does not produce specified results with cer- 
tainty. Non-ferrous tubes rolled into steel tube sheets 
with a joint length of 2'/: in. have proved satisfactory. 

With reference to tube-hole clearance, the authors 
expressed the belief that this should be kept to a mini- 
mum and that 0.005 to 0.007 in., or less than half that 
of some conventional practice, is ample for heat-ex- 
changers using seamless drawn tubing, also for many 
large heaters and condensers. The drilling of smaller 
than conventional holes in the support plates of heaters 
and condensers provides an effective means for elimina- 
tion or reduction of tube vibration and consequent tube 
wear. 

As to the finish to be given tube holes, it was pointed 
out that rolled joints are primarily friction joints and 
that their holding strength depends upon the pressure 
and roughness between the contacting surfaces. On 
the other hand, pressure tightness is best obtained by 
use of smooth contact surfaces. For example, rela- 
tively rough tube holes can be used in heat-exchanger 
work if the tubes are much softer than the tube sheet. 
But if the tube material is hard, greater movement is 
produced between the contacting surfaces, and the 
axial flow of tube metal may shear or smooth off any 
roughness of the tube hole. For this reason the tube 
holes in boiler construction are reamed cylindrical and 
smooth and the reinforcing grooves are placed near the 
zone of minimum movement of the tube metal. 

In order to bring out the full strength of a joint with- 
out undue distortion or damage to the tube sheets and 
headers, the tube metal should be softer than that of the 
tube sheets or headers. 

Finally, particular attention should be paid to the 
sequence of rolling-in tubes in order to reduce to a 
minimum, or to eliminate entirely, stresses caused by 
the elongation incident to tube expanding. 


Combination Spreader Stoker and 
Waste Fuel Furnaces 


The Sloane-Blabon Corporation, Philadelphia, manu- 
factures felt-base floor covering from which there is 
much scrap in the form of large sheets and strips. For 
many years this scrap presented a disposal problem. 
Periodically it was hauled to a dump and at other times 
it was burned under a boiler. 

The product contains about 50 per cent wood pulp, 
14 per cent rag stock and 36 per cent newsprint, the 
mixture being heavily impregnated with asphalt. The 
volatile runs very high and the heating value ranges 
from 12,000 to 14,000 Btu per pound. 

Present methods of burning by means of a two-stage 
furnace in combination with coal were described in a 
paper by F. C. Messaros of American Engineering Com- 
pany. 

The boiler is of the two-drum, bent-tube type and, as 
shown in the accompanying illustration, has a primary 
furnace for burning the scrap and a secondary furnace 
to which coal is fired by means of a three-unit spreader 
stoker. The coal-burning furnace is completely water 
cooled, but the scrap furnace has water cooling only on 
the side wall and roof with refractory walls at front and 
rear. A 4-ft refractory and water-cooled curtain 
wall provides partial separation of the two furnaces. 
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Sectional front elevation through primary and secondary 
furnaces 


Scrap is charged manually into the primary furnace, 
but coal is fed to the spreader units by a conveyor. 
Attempts to hog the scrap were abandoned because of 
the many bolts, nuts, etc., present. 


To provide the necessary turbulence ten overfire air 
nozzles are located in the side wall above the grate of 
the primary furnace. These jets as well as the under- 
grate supply employ 300-F air. 

The unit is equipped with a cinder and fly-ash collect- 
ing system. 


Cleaning Turbine Lubricating Systems 


A paper on ‘Recommended Practices for the Clean- 
ing of Turbine Lubricating Systems After Service,” 
as prepared by the Joint A.S.T.M.-A.S.M.E. Com- 
mittee on Turbine Lubrication, was presented by F. E. 
Rosenstiehl of The Texas Company. Stressing the 
necessity for cooperation between the turbine builder, 
the operator, and the oil supplier, it included specific 
instructions for proper cleaning. 

Although adequate purification during circulation, 
through use of oil-purifying equipment, will go far to 
prevent build-up of insoluble foreign matter in the sys- 
tem, periodic inspections are essential to show whether 
proper maintenance practices are being followed and to 
reveal any contamination of the oil by impurities and 
foreign matter that may have found their way into the 
system. When a turbine is placed in service, a close 
watch should be kept until operating conditions have 
stabilized; and when a new turbine is taken down for 
complete general inspection within the first year, as 
generally recommended by the builder, there is excellent 
opportunity to examine the oiling system for evidence 
of deposits, corrosion, or abnormal wear. It is also 
common practice to take frequent samples of the oil for 
visual inspection to detect the presence of water, emul- 
sions or suspended matter. 

A marked change in the oil temperature differential 
across the cooler with no change in water flow or water 
temperature may indicate excessive build-up of de- 
posits on either the oil or water side of the cooler or both. 
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Hot water or steam washing, or petroleum flushing oil, 
are usually employed for cleaning the oil side of coolers. 
When using hot water, boiler feed at above 180 F is 
forced through at high velocity. Bearing pedestals and 
oil reservoirs are cleaned by directing a stream of hot 
water against the surface. However, clean dry air 
should be applied immediately thereafter and, since 
steam or hot water will remove protective oily filme, the 
system should be protected as quickly as possible with 
rust-inhibiting turbine oil or flushing oil to prevent rust- 
ing. 

On the other hand, in some instances where a lightly 
sludged unit cannot be taken out of service for a time 
sufficient for thorough cleaning prior to an oil change, 
continuous bypass circulation of the oil, through a clay 
filter, has been employed to remove the contaminating 
products. But as the clay will also remove the inhibi- 
tors, it is suggested that the oil supplier be consulted 
before employing this procedure. 


Effect of Vanadium When Burning 
Residual Oils 


In view of the many cases reported of slagging and 
corrosion encountered in boilers firing heavy residual 
fuel oils, particularly those containing appreciable per- 
centages of vanadium, the Petroleum and Chemical 
Panel of the Joint A.S.M.E.-A.S.T.M. Committee on 
Effect of Temperature on Properties of Metals under- 
took a comprehensive survey of the subject. This in- 
cluded a large number of petroleum companies and 
those power generating stations known to be burning 
such oil, as well as major equipment manufacturers. 
The numerous replies and an analysis of the findings 
were presented in a group of papers by E. F. Tibbetts 
of The Lummus Company, O. L. Wood, Jr., of General 
Electric Company, D. Douglass of Hartford Electric 
Light Company, and V. F. Estcourt of Pacific Gas & 
Electric Company. 

The evidence submitted, while noting many diffi- 
culties with slagging and corrosion at elevated tempera- 
tures, nevertheless indicated that the majority of fuel 
oil consumers are not encountering serious difficulties, 
regardless of whether domestic or foreign oil is being 
burned. It is believed that although high vanadium 
oil ashes are the most troublesome, residual oils contain- 
ing vanadium can be burned in most installations with- 
out difficulty if precautions are taken to assure good 
combustion conditions, through proper heating and 
atomization, and if the metal temperatures are kept 
below the melting temperature of the ash. The follow- 
ing points were emphasized as having important 
bearing: 

1. Vanadium pentoxide itself is extremely corrosive 
in the molten state and is sufficiently volatile to be cor- 
rosive in the vapor state; but its principal effect is be- 
lieved to be that it lowers the melting point of the al- 
ready corrosive alkali sulfate ash. 

2. Vanadium oxide is an active catalyst which is 
employed in the manufacture of sulfuric acid, and the 
assumption is that it catalyzes the formation of SO; 
from SO, which, in turn, will combine with solid or 
volatile sodium salts to form sodium sulfate. 

3. Corrosion is attributed to vanadium-sulfate 
attack on protective oxide coatings of heat-resistant 
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steels. In one case in which the V2.0; comprises about 
29 per cent of the ash, the corrosion of superheater sup- 
ports and spacer bars was severe but there was very 
little attack on the tubes. 

4. It is suggested that where temperatures are high 
and design does not permit radiant heating only, such 
as is the case in a gas turbine or where tube spacing can- 
not be increased, as in marine boilers, the only complete 
solution is the use of an additive to produce an ash 
having a higher melting point. 

5. Marine boilers have been known to slag more 
quickly when the fuel has been contaminated with sea 
water with resultant sodium inthe ash. However, such 
slag is largely water soluble. 

6. The committee offers the opinion that, although 
certain residual oils containing appreciable amounts of 
vanadium are more troublesome in critical applications, 
the consumption of these fuels in noncritical appli- 
cations will continue to greatly exceed that by the criti- 
cal applications. Hence, it would be uneconomic for 
the oil refiner to attempt to change present practices 
where residual oils, as marketed, are blends of refinery 
runs of mixed crude charge stocks. Therefore, the 
committee believes it would be a serious mistake for a 
consumer to assume that such fuels can be supplied to 
specifications that restrict the source of crude to the re- 
finery or to require special handling and storage. 


Finally, if a simple conclusion can be drawn, it is 
that oil-fired furnaces and boilers must be designed with 
a full understanding of the problems involved, that the 
flow of flue gases containing oil ash must avoid, in so far 
as possible, contact with metal surfaces, and that all 
fuel oil must be atomized as completely as possible at 
all times, with combustion completed at the burner and 
no flame impingement on any metal surface. Cold end 
condensate corrosion can be avoided only by maintain- 
ing metal temperatures above the dewpoint of furnace 
gases and higher stack temperatures or recirculation of 
air in preheaters must be used if corrosion is en- 
countered. The presence of higher percentages of 
vanadium in oil ash deposits will definitely catalyze the 
formation of sulfur trioxide which will, in turn, raise 
dewpoint temperature and thus initiate corrosion in fur- 
naces where corrosion has not been encountered when 
low vanadium oils are fired. 


Discussion 


Many prepared discussions were presented. One 
summarized the investigations being conducted at 
Battelle Memorial Institute for the Hartford Electric 
Light Company toward developing suitable protective 
coatings to the steel and additives to the oil. Of the 
coatings thus far tried, both aluminum and chrome iron 
appear to offer some promise. The problem at Hartford, 
however, is somewhat special because the tube metal 
temperatures in the mercury boiler run higher than is 
usual with steam. 


There appeared to be general agreement that all 
residual fuel oils are to some extent corrosive; that even 
where the vanadium content is low, an appreciable sul- 
fur content is likely to cause corrosion in the cold end of 
the unit; that little trouble need be expected with tube 
temperatures below 1100 F, except in the case of hanger 
supports and tube spacers, unless suitably cooled and 
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baffled; that no corrosion will occur below the melting 
point of the ash; and that vanadium is only one of the 
contributing factors, with sodium sulfate equally or 
more corrosive. 


Another discusser reviewed experience at Sewaren 
Station employing 1050 F steam temperature. Here 
severe attack on hangers and supports had been over- 
come by water cooling, but there had been no appreci- 
able plugging. However, cold-end corrosion and plug- 
ging of the air heaters had been encountered and 
necessitated washing with caustic, the frequency of such 
washing varying with the sulfur and vanadium content 
in the oil. 


Review of Air Pollution Prevention 


J. F. Barkley, of the U. S. Bureau of Mines, reviewed 
the history of smoke abatement ordinances dating back 
to 1876 in St. Louis, followed by Chicago in 1881, 
and widespread legislation in many cities about the turn 
of the century, with subsequent attention being directed 
to the general subject of atmospheric pollution from all 
sources. He summarized the difficulties of the situation 
as follows: 


“After about a century of city air-pollution-preven- 
tion problems in this country, half of which has included 
considerable activity, the question naturally arises as 
to why better progress has not been made. Similar 
problems have been solved essentially as far as contami- 
nants in city water, milk, food and drugs are concerned. 

“Various reasons have been advanced as to why air 
pollution interest has waxed and waned. City politics, 
lack of funds, organizational difficulties, the general 
bigness of the problem, the countless sources and points 
of production of contaminants, the economic impossi- 
bilities of stopping the emission of contaminants, and 
lack of continued public interest all have been cited with 
good justification. Campaigns started by public 
spirited men, women, and organizations can always en- 
train followers for a time, but a campaign can only last 
so long, and the followers become interested in some- 
thing else.... It is up to members of the medical pro- 
fession to do their part toward better living by establish- 
ing needed facts about city air pollution that will im- 
press themselves and then the general public.” 


Role of Aluminum in Graphitization 


A paper by A. M. Hall and E. E. Fletcher, both of 
Battelle Memorial Institute, reported the results of an 
investigation directed toward the part played by alumi- 
num in the breakdown of iron carbide in plain carbon 
steels into iron and graphite at temperatures below the 
critical point of the steel. The problem was approached 
by extracting the carbides from several plain carbon 
steels which had been deoxidized with different amounts 
of aluminum and had different known degrees of suscep- 
tibility to graphitization; then to examine and analyze 
the extracted carbides with particular attention to the 
amount and form of the aluminum contained therein. 
By comparing the aluminum thus found with that in the 
original steel, data were obtained on the réle which that 
element appears to play in the graphitization process. 
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The results indicated that the difference between a 
graphitization-resistant and a graphitization-susceptible 
plain carbon steel is one of degree and not of kind. They 
cannot be divided into two groups—those whose carbon 
phase is stable and those whose carbon phase is un- 
stable. Rather, all plain carbon steels are nietastable, 
but to varying degrees. Although the readily graphi- 
tizable steels are least stable and the resistant ones most 
stable, all tend ultimately to be converted from iron and 
iron carbide to iron and graphite. 

It was concluded that in order to promote graphitiza- 
tion the aluminum is either in solid solution in the ferrite 
matrix, or else fixes the nitrogen. The results further 
suggested that any aluminum that might be associated 
with the carbide phase is not influential in determining 
the degree of susceptibility to graphite formation. 


Piping Failure 


A. W. Rankin and W. A. Reich of the General Elec- 
tric Co. presented a ‘“‘Report on Split Steam Lead at 
New Orleans”’ based on a failure at the Industrial Canal 
Station of New Orleans Public Service, Inc., on June 16, 
1949. The piping had been in service for approxi- 
mately nine months, turbine throttle conditions being 
1250 psig, 950 F. One end of the split was at a weld be- 
tween the steam lead and a small forged stub interme- 
diate between the stop valve and the steam lead, and 
the other end was approximately 30 in. downstream in 
the steam lead. There was no weld or detectable change 
in material or wall thickness at this latter end of the 
split. 

The split section of the steam lead was cut out and 
returned to the manufacturer for an investigation of the 
cause of failure. The following procedures were carried 
out: X-ray and magnetic particle test, dimensional 
checks, physical tests, chemical analysis, macroscopic 
examination, microscopic examination, study of weld 
X-ray films. From the investigation the following ma- 
jor conclusions were established : 

1. The subject pipe was cracked to within approxi- 
mately '/s in. of the outside surface prior to being 
placed in service. 

2. The remaining approximately '/s in. of wall failed 
either by rupture as a result of the long time at the 
service temperature of this installation or by a longi- 
tudinal tear initiated by such a long-time rupture in 
service at a particular point of the remaining wall. 

3. The initial and major portion of this fracture, 
which is the inner °/s in. of wall for the entire length of 
the split, took place at a relatively low temperature, 
and is a cleavage fracture characteristic of a failure below 
the charpy transition temperature of a material. 

4. The cleavage fracture was produced some time 
between removal of the pipe from the cooling table in 
the pipe manufacturer's shop and the start of processing 
in the pipe fabricator’s shop. During this latter proc- 
essing, the fracture surfaces were oxidized when the 
pipe was heat-treated to produce the desired high- 
temperature properties. It is the opinion of the 
authors that the most likely point at which this cleavage 
failure was produced was during the cold straightening 
operations prior to the final cropping of the pipe, al- 
though definite evidence to substantiate this opinion is 
not available. 
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Ferritic Piping for High Temperatures 


“High-Temperature Properties of a Ferritic Steam- 
Piping Steel’ was the title of a paper by A. W. Rankin 
and W. A. Reich of the General Electric Co. Current 
maximum steam temperature levels of 1000 and 1050 F 
push the more common ferritic steels, with their custo- 
mary heat treatments, to a point where heavy walls are 
required to maintain satisfactory margins on the creep 
and rupture strengths. Although austenitic steels may 
be used, material costs increase and fabricating and 
operating difficulties peculiar to the metallurgy of these 
steels may arise. Much is to be gained, therefore, if a 
stronger ferritic steel can be found for turbine shells, 
steam leads and station piping. 

Molybdenum-vanadium steam leads have been in 
service at 950 F and 1000 F since 1948 and, in general, 
have performed satisfactorily with respect to fabrica- 
tion, welding and service operation. There was one 
service failure at the Industrial Canal Station of the 
New Orleans Public Service, Inc., but it has been estab- 
lished that a crack almost completely through the tur- 
bine lead existed prior to fabrication, as noted in a com- 
panion paper by the same authors. 


Testing Boiler Materials 


J. B. Romer, of The Babcock & Wilcox Co., and 
H. D. Newell, of the B. & W. Tube Co., outlined the 
high-temperature metals testing procedures employed 
by their organizations in evaluating steels for high- 
temperature boiler operation. Present practices in their 
newly installed testing laboratory are to run both creep 
and rupture tests on important metals for periods of 
10,000 hr or more. This length of time generally per- 
mits phase changes or alterations of structure to become 
complete and thereby lessens errors in extrapolation 
when securing data for 100,000 hours. 

Superior alloy tubing materials for superheaters are 
required with steam temperatures of 1050 F and beyond 
with corresponding metal temperatures of 1200 to 1400 
F in order to withstand oxidation and have long life at 
these temperatures. Under present Boiler Code regula- 
tions austenitic stainless alloys are limited to low work- 
ing stresses due to their low strength under prolonged 
exposure to these temperatures. This results in very 
heavy tubing and greater temperature differential 
across the wall of the tube from the gas to the steam 
side. Development work is now under way on superior 
alloy materials which have at least equivalent resistance 
toward oxidation (compared to presently used 
austenitic stainless steels) and which lend themselves 
to production into tubing and pipe and to common prac- 
tices of boiler fabrication. 


Gas Turbine Regenerator 


A. L. London and W. M. Kays of Stanford University 
in a paper entitled ‘““The Liquid-Coupled Indirect- 
Transfer Regenerator for Gas Turbine Plants” analyzed 
the advantages and disadvantages of that type regenera- 
tor with respect to the conventional direct-transfer type. 
The indirect system consists of two units, one a hot-gas- 
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to-coupling-liquid exchanger, and the other a coupling- 
liquid-to-compressed-air heater, together with the nec- 
essary circulation system for the coupling liquid. A 
pumped liquid is employed to convey the thermal 
energy picked up in the hot-stream exchanger, where 
the gas is being cooled, to the cold-stream exchanger, 
where the compressed air is heated. 

Compared to a single direct-type exchanger, the 
liquid-coupled indirect-type regenerator has the follow- 
ing advantages: 


(1) The gas and air flow stream frontal areas may be 
shaped independently of one another. 

(2) A considerable simplification of air ducting and 
header construction results because it is not necessary to 
bring the cold air over to the turbine exhaust stack and 
then back to the combustion chambers. 

(3) If extended transfer surfaces are used to obtain 
compactness, it is only necessary to have fins on one 
side of the surface. 

(4) Use of a multiplicity of smaller units may simplify 
manufacture, cleaning and servicing, and reduce the 
stress problems arising from thermal expansions. 

(5) Closer approach to counter-flow characteristics 
can be realized without suffering a penalty in shape. 

The liquid-coupled indirect-type regenerator has the 
following disadvantages: 

(1) The requirement of a ‘‘good”’ liquid heat transfer 
medium for coupling the hot and cold exchanger units. 

(2) An increase on the order of 5 to 10 per cent in total 
heat transfer area. 

(3) A somewhat larger and heavier shell structure re- 
quirement. 

(4) The addition of a flow circuit for the circulation of 
the coupling liquid. 


To date no satisfactory liquid heat transfer medium 
is in common use, although there is promise in current 
work with liquid metals. A coupling liquid should have 
(1) a freezing point below 40 F, (2) a boiling point 
above 1000 F for moderate pressures, (3) low density 
and viscosity and high thermal conductivity, (4) a high 
heat transfer coefficient on the order of 2000 Btu per 
hr per sq ft per deg F for moderate flow velocities, (5) 
chemical stability, and (6) ease of handling in pumps 
and piping systems. 


High Temperature in Marine Service 


Lester M. Goldsmith, of the Atlantic Refining Com- 
pany, described some of the engineering features of a 
30,000-ton supertanker, the S.S. Atlantic Seaman, 
which is the first ship using 1020 F steam. The heat 
balance is based on four bleed stages from the main tur- 
bine, and the feedwater is heated to a calculated final 
temperature of 415 F. Using 18,500 Btu fuel oil this 
heat balance arrangement gives a predicted economy of 
0.491 Ib per shaft horsepower hour for normal running 
conditions. During a 24-hr period under ballast condi- 
tions on the maiden voyage of the ship, the fuel economy 
was found to be 0.489 lb per shaft horsepower hour with 
the condenser vacuum corrected to the design value of 
28.5 in. 

Boilers are of C. E. single-drum, water-tube sectional- 
header type and are rated at 65,000 lb per hr at 650 
psig, 1020 F or 78,000 lb per hr at 625 psig, 1020 F. 
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Superheat control is provided by means of a desuper- 
heating coil located in the drum and arranged on an 
automatically controlled bypass ahead of the third pass 
of the four-pass superheater. Each of the two boilers is 
equipped with four double-nozzle wide-range oil 
burners incorporating a small central oil tip spraying 
through a larger outer one. A three-way cock permits 
the use of either or both of the tips and provides a 9-to-| 
range without the necessity of pulling burners. Three 
constant-speed forced-draft fans are installed, of which 
two are for normal operation. 

Air heaters are of two-pass design on the air side, pro- 
vided with bypass dampers for use under low load or 
standby conditions. Air-puff soot blowers operating at 
200 psig are arranged to operate automatically and con- 
tinuously on a three-hour cycle for the two boilers. 

The main propulsion unit consists of a cross-com- 
pound steam turbine with double reduction gear, a 
two-pass condenser with divided water box and an 
attached 700-kw auxiliary generator. The high-pres- 
sure turbine is of the impulse-reaction type, and the low- 
pressure turbine of the single-flow reaction type. There 
are two six-stage, 350-gpm boiler feed pumps, each 
driven by a 250-hp turbine supplied with steam at full 
boiler temperature and pressure. The exhaust steam 
from these turbines is used in the deaerator for feed- 
water heating. 


Trends in Fuel Supply 


Discussing ‘‘Changing Patterns of Fuel Supply,” 
James Boyd, Director of the U. S. Bureau of Mines 
told those attending the Fuels Luncheon on Thursday 
that while coal in 1920 supplied 78 per cent of our heat 
and energy demand, by the end of 1949 this constituted 
less than 40 per cent. This was despite the fact that, 
except in periods of stoppage of supply, the amount of 
coal burned had remained fairly stable, the increase in 
demands having been supplied largely by oil and gas; 
for during this period the former increased from 15 to 
nearly 37 per cent and the latter from 4 to over 19 per 
cent. Since World War II the trend toward use of oil 
and natural gas has been accelerated by the construc- 
tion of many long distance pipe lines. 

Liquefied petroleum gases used for heating and other 
household purposes in rural areas now constitute a 
major petroleum product, while expansion in the use 
of diesels has greatly increased the demand for light oils. 
However, the largest amount of petroleum continues 
to be consumed by our forty-four million motor vehicles. 

Production of crude oil in the United States has in- 
creased one-third since 1941, but during the intervening 
period the production of liquids from natural gas has 
almost doubled and petroleum imports have tripled. 
Although Venezuela is our leading source of foreign oil, 
the Middle East has supplied much in recent years. 
Discovery and development of major petroleum re- 
serves in Western Canada have been of great strategic 
importance since 1947. 

The total demand for oil and oil products during 
1950 is expected to exceed 2.4 billion barrels, represent- 
ing a gain of 9 per cent over 1949. 

Indications that the present decade may witness a 
maximum in domestic petroleum production, followed 
by a decline, have been responsible for increased atten- 
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tion being given to the synthetic production of petro- 
leum and certain of its products. Mr. Boyd then re- 
viewed what the Bureau of Mines has been doing along 
this line. 


Burning Petroleum Coke on Spreaders 


Otto de Lorenzi of Combustion Engineering-Super- 
heater, Inc., reported on tests conducted at his com- 
pany’s East Chicago plant in the burning of petroleum 
coke on a spreader stoker under a 25,000-lb per hr two- 
drum boiler with dumping grates. Colored motion pic- 
tures were shown of the fuel bed and furnace under 
various conditions. 

There are large accumulations of petroleum coke at 
the West Coast refineries which make its use as boiler 
fuel most desirable, but in the Middle West and certain 
other sections of the country the industrial demands for 
use in various products are such as to make it command 
a higher price than coal. 

Runs were made on two shipments of coke from differ- 
ent far western refineries, the characteristics of which 
differed somewhat. These were as follows: 


Moisture 4.06 3.38 
Ash 0.84 0.64 
Volatile 12.04 11.77 
Fixed Carbon 83.06 84.21 
Sulfur 3.47 1.0 
Btu/Ib 14,413 15,040 


Although it was found possible to burn 2 in. size with 
a sufficient percentage of undersize, */, in. was preferable. 
Because of the low ash content of the coke the fuel bed 
was very thin at the front end of the grate, but somewhat 
thicker at the rear. There was little suspension burning 
and both fuel distribution and excess air were found 
most important. The pictures showed, after a brief 
starting-up period, excellent flame conditions without 
smoke from the stack. 


Post-College Training 


Under the sponsorship of the Junior Committee a 
symposium was presented on ‘‘A Plan for the First 
Five Years After Graduation.’’ This symposium was 
largely based on a report of the same title prepared by 
the Committee on Professional Guidance of the Engi- 
neers Council for Professional Development. 

Karl B. McEachron, Jr., of the General Electric 
Company urged young engineers to recognize that they 
have obligations to their communities as well as to them- 
selves and their families. Community relations are im- 
portant because more time is spent in the community 
than on the job. 

Prof. H. L. Solberg of Purdue University gave in- 
formation on the history and current status of engineer- 
ing registration and told of some of the things that the 
young engineer might do as a part of his post-college 
training. He cautioned that professional development 
does not stop with the attaininent of legal fegistration. 
The attitude of employers toward engineering registra- 
tion varies from complete indifference to a requirement 
that every man holding an engineering title must be 
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registered. The young engineer should consider whether 
lack of registration may discriminate against his further 
promotion and whether or not he may at some time hold 
a position that will require him to be registered.- With 
the widening requirements for examinations he should 
also seek to get registered as soon as possible, rather 
than to wait until much has been forgotten about the 
engineering principles studied in college. 

J. C. McKeon of Westinghouse Electric Corp. 
pointed to the responsibility of the engineering profes- 
sion to provide adequate educational opportunities for 
the employed engineer. This must be paralleled by 
professional growth on the part of the young engineer if 
he is to grasp fully the many opportunities open in both 
the technical and management fields. A self-develop- 
ment program is an important part of professional 
growth and should include informal as well as part-time 
formal education encompassing business and the 
humanities as well as technical subjects. Industries 
must not only encourage the development of their young 
engineers but must also work with the colleges and en- 
gineering societies in providing adequate educational 
opportunities. 

‘“‘Non-Technical Reading”’ was the topic of a stimulat- 
ing paper by Prof. Weller Embler, of the Cooper Union, 
who examined the reasons for reading and found these: 
(1) because one feels compelled to read, (2) because it is 
the thing to do, (3) for entertainment, (4) for knowledge 
or information, and (5) to change one’s mind by meeting 
an intellectual challenge. The speaker suggested that 
an active reading pattern for the engineering graduate 
might begin by selecting what one wants to read instead 
of what he thinks should be read. This reading should 
be directed by making a simple list and it should then 
be supported with allied materials and researches. 
Next the reader should talk about what he has read 
with a sympathetic friend, and finally he should read 
with a purpose toward a definite end. 


Fuel Engineering Education 


The Fuels Division sponsored a symposium on Fuel 
Engineering Education which represented composite 
views of colleges and industry concerning desirable 
theoretical and on-the-job training. 

In discussing ‘‘What the Engineering Schools Should 
Teach About Fuels and Fuel Utilization,’ Dean A. A. 
Potter, of Purdue University, noted that the 1949 report 
of the Engineering Research Council of the American 
Society for Engineering Education listed 248 projects 
on such problems as coal combustion, cleaning, han- 
dling, hydrogenation, pulverizing, coke manufacture, oil 
production, oil shale processing, petroleum recovery and 
peat. He recommended that in all engineering cur- 
ricula fuels should be studied as a part of a required 
heat-power course during the sophomore or junior 
year. 

Elective courses in fuels and fuel utilization are de- 
sirable for senior and graduate students, and in a few 
engineering colleges it may be desirable to set up ad- 
vanced programs in fuel technology to cover more ex- 
tensively coal petrography, chemical constitution, car- 
bonization, synthesis of liquid fuels and fuel equipment 


(Continued an page 66) 
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Mr. Insulation says: 


“In every major industry, 
Johns-Manville Insulations 


are the Number One 
fuel savers” 











| PLANTS with stacks or stills, tanks or towers, 
the story is the same—“Insulation by Johns- 
Manville’”” means the maximum return on your 


investment. There are two good reasons for this: 


1. YOU GET THE RIGHT MATERIALS—From 
asbestos and other selected raw materials, Johns- 
Manville manufactures a wide range of industrial 
insulations for service from 400F below zero to 
3000F above. If you need engineering advice in de- 
termining exactly the right one for your job, you can 
get experienced and authoritative assistance from 
your local Johns-Manville insulation engineer. 


Johns-Manville 


—— INSULATIONS 





































2. YOU GET THE RIGHT APPLICATION— 
Even correctly selected insulation needs proper ap- 
plication to permit it to serve at peak efficiency 
through the years. Here you can always count on 
J-M Insulation Contractors and their highly skilled 
mechanics. These organizations are trained in 
Johns-Manville application methods, and have gen- 
erations of insulation experience behind them. 


Why not get the complete picture? Call on insula- 
tion headquarters when your next job is  ,.. 
in the planning stage. Just write Johns- 5 
Manville, Box 290, New York 16, N. Y. ll 


"So _MANy) 
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New Central Station Cost Figures 


AST year, it may be recalled, the Federal Power 
Commission issued its first Annual Supplement to 
its previously published study on ‘‘Steam-Electric 
Plant Construction Costs and Annual Production Ex- 
penses, 1938-1947." This supplement gave the 1948 
results for the 200 plants previously covered, plus those 
for 19 new plants. A second supplement dealing with 
1949 figures has just been issued, together with those for 
26 new stations that went into service late in 1948 and 
in 1949. The total installed capacity of these 245 plants 
represent approximately 69 per cent of the total electric 
utility steam generating capacity in the United States, 
and their 1949 net generation was 77 per cent of that for 
all such plants in the nation. 
Figures are not yet available for the numerous stations 
that have gone into service during the present year; 
presumably they will become available late in 1951 and 


ported in the 1948 and 1949 supplements, five are classed 
as of the outdoor type and nine of the semi-outdoor type. 
Moreover, several post-war additions to the older plants 
are of the semi-outdoor type of construction. Attention 
is called to the fact that the majority of the stations 
that went into service during the year, as well as most of 
the 75 plants scheduled for 1950-1953 service, are follow- 
ing the trend toward the unit arrangement of one boiler 
per turbine, minimum housing, and centralized control. 

Space does not permit reproducing data from all 245 
plants listed, hence the accompanying table is compiled 
from certain essential data relating to the 26 new plants 
(identified in the complete supplement) most of which 
went into service last year. It will be noted that the 
initial cost per kilowatt of installed capacity varies over 
a wide range, from $98 in the case of one medium size 
outdoor gas-fired station in the Southwest to a high of 


DATA ON TWENTY-SIX NEW STATIONS 


Production Cost, Mills per Kwhrt Station 
Steam Initial Cost Heat Rate, 
Plant Capacity, Conditions, Labor per Kw Btu per 
No. Location Kw Psi/F Fuel Fuel Mills Total Do lars Kwhr 
1 South 120,000 850/900 P. C. & G. 2.49 0.37 3.06 101 Coal— 
11,599 
Gas— 
12,408 
2 So. East 24,000 600/825 > & O. 2.62 0.37 3.33 venue 15,305 
3 Pac, Coast 20,000 1000/915 G. & O. 5.37 1.00 7.23 199 14,845 
(outdoor) 
4 South 60,000 1250/915 
600/835 oO 5.21 0.90 7.02 es 14,319 
(outdoor) 
5 South 45,000 850/900 Pp. ¢. 4.47 1.34 6.79 144 12,632 
6 Midwest 120,000 850/900 P. C 2.44 0.45 3.16 ‘ P 
7 Midwest 40,000 850/900 - © 2.59 0.61 3.47 216 11,045 
s Midwest 26,500 850/900 P. C 3.91 0.38 4.54 ‘ ‘ 13,643 
9 Midwest 120,000 850/900 Pr. ¢& 3.51 0.25 3.98 140 11,143 
10 No. West 12,500 650/825 St.*&G 2.86 0.87 4.12 226 13,790 
ll No. West 25,000 650/825 St.* &G 4.35 1.13 6.12 204 14,597 
12 So. West 77,000 850/900 G 1.33 0.26 1.76 98 11,827 
(outdoor) 
13 East 330,000 1500/1050 P.C.&O 2.89 0.28 3.40 130 10,437 
14 East 44,000 1250/950 Oo 3.79 0.47 4.72 221 11,116 
(semi-outdoor) 
15 East 30,000 850/900 St.* 3.62 0.43 4.33 204 13,017 
16 East * 40,000 1250/950 P.C 3.30 0.38 4.13 e 10,892 
17 East 22,000 850/900 P. Cc 4.16 0.46 4.96 201 12,262 
18 No. West 15,000 100/825 Lig 5.75 1.11 7.46 216 13,360 
19 Midwest 120,000 1250/950 e.a@G 3.43 0.30 3.87 “ ‘ 10,951 
20 East 70,000 850/885 r. ¢ 2.52 0.29 3.00 166 2,090 
21 East 150,000 1250/925 we 2.19 0.40 2.76 187 11,481 
22 So. West 132,000 850/900 G 0.94 0.14 1.20 wae 12,47 
(outdoor) 
23 So. West 75,000 850/900 G 0.98 0.18 67 15,046 
(semi-outdoor) 
24 So. West 50,000 600/835 > 0.68 0.33 1.37 (outdoor) 13,450 
25 South 60,000 850/900 ¢ 4.24 0.36 4.91 o« ‘ 11,973 
26 Pac. Coast 50,000 1250/2950 P. C. 2.27 0.44 2.89 230 11,544 
*"Stoker. 


t Items other than fuel and labor, but entering into the total production cost 


some should reflect still greater overall economy due to 
employment of reheat in several cases. 

Various data are given for each of the plants listed, 
but of particular interest are such items as initial cost 
per kilowatt of installed capacity, net station heat rate 
and total production expense, as well as fuel and labor 
expense per kilowatt-hour. 

Inasmuch as many of the plants listed were built 
during the pre-war period and subsequently extended, 
the combined initial unit costs mean little when com- 
pared with those of new plants. Commenting on this, 
the report observes that the 26 new plants listed reflect 
75 to 100 per cent general increase in construttion costs 
since 1938, and at the same time indicate the result of 
efforts being made to reduce both construction and an- 
nual production costs. Of the 45 post-war plants re- 
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, have been omitted from this compilation but are given in the supplement. 


$230 for a 50,000-kw pulverized-coal-fired on the Pacific 
Coast. The largest plant in the group and, inciden- 
tally, the one with the lowest station heat rate, cost $130 
per kilowatt. 

As is well recognized, cost per kilowatt is subject to 
several interpretations, depending upon whether it is 
based on rated capacity or maximum capability and 
whether there are included land and certain construction 
intended to form a part of future extension. Presum- 
ably the figures reported by the Federal Power Commis- 
sion apply to total cost to date of reporting based on the 
rated capacity installed at that time. 

In these new plants labor, as a component of produc- 
tion expense, is generally less than is recorded for the 
pre-war plants. This is attributable to more centralized 
control, one and two level operation, unit design, and the 
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many automatic features installed in these plants. For 
example, one 330,000-kw station reports a total of 112 
employees or 0.3 employee per 1000 kw of installed capac- 
ity, and a two-unit plant of 300,000 kw has 103 employ- 
ees. These are in marked contrast to some pre-war 
plants of comparable size which have an employee for 
every 1000 kw. 

The net station heat rates of these 26 new plants range 
from 10,437 to over 15,000 Btu per kwhr, those in the 
higher range generally having the advantage of cheaper 
fuel. Incidentally, the plant with the best heat rate of 
the entire 245 listed in the Supplement is the Sewaren 
Station of the Public Service Electric & Gas Company of 
New Jersey. The other complete, new and old, stations 
listed as showing outstanding heat rates of less than 
11,000 Btu per net kwhr are Port Washington of Wiscon- 
sin Electric Power Company, with 10,510 Btu; Russell 
of the Rochester Gas & Electric Company, with 10,892; 
and O. H. Hutchings of the Dayton Power & Light Com- 
pany, with 10,950. These are all high-pressure, high- 
temperature installations, but at the time of reporting 
to the Federal Power Commission only one of these em- 
ployed reheat. Furthermore, very creditable perform- 
ances are reported for several stations in the 850 psi, 
900 F range, notably B. C. Cobb Station of Consumers 
Power Co. with 11,143 Btu. 


(ASME Annual Meeting continued from page 61) 


design. An appraisal of the undergraduate curricula of 
eight recognized engineering schools leads to the con- 
clusion that fuels are treated adequately for the ma- 
jority of the undergraduates, but that more attention 
should be given in selected institutions to research and 
graduate programs in fuel technology. 

“On-the-Job Training and Fuel Utilization’’ was the 
phase covered by R. J. Brandon, of the Detroit Edison 
Company. This kind of training can be divided into 
two broad classifications: first, the operating and tech- 
nical training in plant utilization, and second, economic 
fuel relationships and utilization equipment together 
with developments in fuel production, processing and 
utilization. The first part may be achieved most satis- 
factorily by actual plant and equipment operation and 
maintenance. It should have the overall aim of corre- 
lating fuel properties and characteristics with plant 
operation and equipment used for its utilization. An 
important part of this training is the acquiring of the 
terminology of the plant, since the ability to speak the 
same language as the men operating the plant promotes 
understanding and interchange of information. 

The second portion of training deals with economic 
relationships of available fuels. This requires the de- 
velopment of an economic analysis which can be pre- 
sented as a clear, concise, understandable report, and 
the training program should include experience in per- 
forming this task. With constant changes in fuel pro- 
duction, processing and utilization, it is also important 
that the trainee be conversant with technical articles, 
trade magazines and technical meetings concerned with 
fuels and their utilization. Finally, although training 
will point to a particular job to be done, an endeavor 
should be made to broaden the perspective. 

Prof. W. E. Reaser of Swarthmore College suggested 
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some of the mutual benefits to be derived from what he 
termed ‘‘Cooperative Engineering Education at the 
Faculty Level.’’ The plan is to have a group of engi- 
neering teachers from several schools working upon an 
industrial development project. By living together 
and taking advantage of opportunities for informal 
interchange of ideas, they can become acquainted with 
new philosophies and carry back to their respective 
campuses fresh and tried ideas from industry and from 
other universities. Such a plan also offers an oppor- 
tunity for industry to show the kinds of jobs and type of 
training program for engineering graduates and allows 
teachers to work with some of these men after they have 
started employment. Faculty members may be able to 
view industry more realistically after participating in 
conferences with management during the course of the 
development project and thereby become more: en- 
lightened and capable teachers. The proposal might be 
expanded to have professors devote a sabbatical year 
in a similar industrial program. 

Dr. C. C. Wright, of the School of Mineral Industries, 
Pennsylvania State College, made a survey of college 
courses devoted to fuel utilization. He found that the 
mechanical engineering curriculum appears to offer the 
most work on the undergraduate level. In 25 represen- 
tative colleges an average of three credits (based on 
approximately 150 credits for graduation) were offered 
on fuels, of which two generally pertained to combustion 
topics and one to problems and techniques of fuel analy- 
sis. Chemical engineering curricula ranked next in the 
amount of undergraduate training in fuels. More work 
in this field is being undertaken on the graduate level. 


Discussion 


Several persons mentioned that there are no com- 
pletely satisfactory textbooks for fuel engineering edu- 
cation. There is a danger that courses in fuels may be- 
come superficially descriptive, and one professor advo- 
cated that problem courses be taught, using analytical 
methods and chemical and material balances. Another 
engineer urged that students be impressed with the im- 
portance of innovation and new ideas to insure ad- 
vances in more efficient fuel utilization. It was pointed 
out that in the coal industry mining techniques have 
progressed more rapidly than adoption of improve- 
ments in the more efficient utilization of coal. 
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Some Notes on Burning Coke Breeze 


There is little that is new in the burn- 
ing of coke breeze, but some recent in- 
guiries from readers indicate that prob- 
lems concerning it arise from time to 
time and such information may not be 


widely disseminated; hence these notes. 


OKE breeze, or “‘braize,’’ is the term applied to the 
fines resulting from the production of metallur- 
gical or domestic coke from the distillation of 

bituminous coal. Its characteristics vary with the 
original fuel and the temperature of distillation, that 
from by-product coke ovens being harder and more 
abrasive than that produced in the manufacture of city 
gas, the coke from which is more or less friable. Beehive 
coke ovens have now largely been displaced by the by 
product ovens. 

There is also breeze from petroleum coke which is a 
residue from the refining of crude oil by the cracking 
process. This will be dealt with later. 

The first-mentioned coke breeze is usually of a size 
that will pass through a °/s- or */4-in. round hole screen 
and may contain up te as much as 40 per cent under size. 
The heating value ranges from 11,400 to 11,800 Btu per 
lb, with 12 to 20 per cent ash and volatile seldom exceed- 
ing 5 per cent, and usually less. The fixed carbon aver- 
ages from 65 to 70 per cent. 

Although attempts have been made to burn it in pul- 
verized form, mixed with bituminous coal because of its 
low volatile, this was found impractical owing to the pro- 
hibitive maintenance from excessive wear on the mills, 
high power required and segregation of the two fuels. 
Therefore, the breeze is usually burned on traveling 
grate stokers. When so burned, preference calls for at 
least 20 per cent undersize and the minimum sizing is 
governed by the permissible carbon loss from siftings 
through the grates and from carryover into the gas 
stream at high burning rates. 

Furnace design is similar to that usually employed 
for burning Nos. 3 and 4 buckwheat with forced draft. 
A long rear arch is generally preferred because of its 
stabilizing effect on ignition and ability to deflect the fine 
particles in the gases onto the incandescent fuel bed, 
although combination arches are sometimes used. Where 
burning rates in excess of 35 lb per sq ft per hr are antici- 
pated, it is advisable to provide cinder-arresting equip- 
ment. Moreover, water-cooled furnace walls and arches 
ure desirable because of the relatively low ash-fusion 
‘temperature of the coke. 

Effieiencies obtainable when burning coke Breeze on a 
traveling grate stoker vary with the burning rate and are 
comparable to those obtainable when burning No. 3 
buckwheat. Maximum efficiency usually corresponds to 
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a burning rate of around 25 lb per sq ft per hr. Prac 
tically smokeless combustion is achieved because of the 
low volatile content. 

In a number of steel plants coke breeze is burned on 
traveling grate stokers, either as primary or secondary 
fuel, in conjunction with blast furnace gas, according to 
its availability. The accompanying sketch represents 
a typical installation of this kind with a water-cooled 
arch. Furthermore, in at least one case coke breeze 
has been burned in combination with small-sized anthra 
cite by firing in layers. By means of a divided hopper 
the anthracite is fed on the bottom, next to the grate, 
and the coke breeze on top. Blast-furnace gas is used 
as supplemental fuel. 

Petroleum Coke Breeze 

As previously mentioned, this fuel is a by-product of 
the refining of crude petroleum by the cracking process. 
It represents the screenings from petroleum coke sold for 
domestic heating or industrial use and is spongy and oily. 









































Typical setting with long rear arch 


It disintegrates readily and is not well adapted to trans- 
porting. For this reason it has often been burned 
at the source, either under oil stills or for boiler fuel. 
Characteristics depend to some extent upon the oil and 
the degree of refining; but in general, the heat value is 
around 15,000 Btu per lb. It runs very low in ash, 
under 2 per cent; the volatile is usually from 8 to 12 per 
cent, but may run considerably higher, and the fixed 
carbon is around 90 per cent. The ash-fusing tempera 
ture is usually in the neighborhood of 2400 F, but im 
some cases runs much lower. 

Petroleum coke alone, because of its low ash content, 
cannot be burned on traveling grate stokers, as there 
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would be inadequate protection to the grates. More- 
over, mixtures of petroleum coke and bituminous coal 
have not proved satisfactory as the coke tends to fuse 
with the coal and block the air passages in the grate. 
Also such a mixture is difficult to maintain because of 
the different densities of the two fuels which produce 
segregation in the bunkers. To obviate such conditions 
alternate firing in layers, similar to the case previously 
mentioned, with by-product coke and anthracite, has 
been employed in a few cases. 


Burning on Spreader Stokers 


Limited experience has been gained in burning petro- 
leum coke on spreader stokers where firing rates of 30 to 
35 Ib per sq ft of grate per hour appear desirable. At 
least an inch of ash should be maintained on the grate. 
The coke burns with a short flame and there is very little 
stack discharge. 

Also, to some extent, petroleum coke has been burned 
in pulverized form since it is much easier to grind than 
by-product coke. Where it runs low in volatile it has 
been burned in combination with oil or gas as supple- 
mentary fuels. Generally, less excess air is required than 
with coal, and this results in higher CO, at the furnace 
outlet. 

However, the largest markets for petroleum coke are 
for the manufacturer of carbon electrodes, dry cells, 
carbide abrasives and as an ingredient in artificial fertiliz- 
ers, where it apparently has greater economic value than 
when used for fuel. 
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Continuous records of the oxygen dissolved in boiler feed 
water and of the hydrogen entrained in steam, point to 


the corrective measures necessary to prevent 
otherwise unsuspected and costly corrosion. The 
Cambridge Analyzers measure and record dis- 
solved oxygen directly. The hydrogen in the 
steam is the measure of the oxygen set free by 
dissociation. Cambridge Instruments are avail- 
able for recording O, and Hb, either separately 
or simultaneously. Send for Bulletin 148 BP. 





In addition to instruments used in power plant 
operation, Cambridge also makes pH Meters 
and Recorders, Galvanometers, Gas Analyzers, 
Fluxmeters, Exhaust Gas Testers, Surface 
Pyrometersand other instruments used in Science, 
Industry and Medicine. Write for literature, 
stating application. 


CAMBRIDGE INSTRUMENT CO., INC, 
3769 Grand Central Terminal, New York I7, N. Y. 


Pioneer Manufacturers of 


R&I #18 Insulating Block is a high as well as low temperature block, permitting 


single layer construction. 


It is equal in insulating efficiency to double-layer insulation at all temperatures up 


to 1800° F. It can also be used at low temperatures. 


The one layer block construction cuts installation costs greatly. 
R&I #18 Block is easy to handle and cut. It is unaffected by water 


and steam. 
@ Furnished in thicknesses up to 6” and in standard sizes. 


Ask for Bulletin 1-76 


REFRACTORY & INSULATION CORP. 


NEW YORK 5, N. Y. 
Chicago 4, Il. 


Newark 2, N. 


124 WALL STREET 
Philadelphia 2, Pa. 
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Facts and Figures 


Eleven per cent of the area of Continental United 
States, or approximately 340,000 sq mi, contains coal. 


Gas turbines designed to burn heavy oil, such as 
bunker C, must be started with lighter diesel oil. 


In the realm of nuclear power, priority is being cen- 
tered on development of submarine propulsion. 


Copper frequently accompanies deposits of iron oxide 
in boiler tubes, but opinions differ as to the rdéle, if any, 
that copper plays in corrosion. 

a 


The gain in thermal efficiency through increasing 
throttle temperature at high pressure from 1000 F to 
1050 F figures about 1.3 per cent. 


Many coals that clinker badly with a thick fuel bed 
can be burned with practically no clinkers if the fuel 
bed thickness is held to + or 5 inches. 

a 


An important ingredient of synthetic rubber is buta- 
diene, which is produced from petroleum and natural 
gas. 


To avoid troublesome deposits on steam turbine 
blades it is essential that silica content of the boiler 
water of high-pressure boilers be kept well below 5 ppm. 


Luminosity is not a measure of the radiating capacity 
of a flame, inasmuch as a considerable portion of the 
radiation occurs below the range of visual observation. 


Evaporation loss on a cooling tower can be determined 
from the fact that approximately 100 lb of water will be 
cooled through a range of 10 deg F by the evaporation 
of one pound of water. 


With units equipped for overfire air, it is usually well 
to disregard this air when figuring forced-draft fan 
capacities, as it may be desirable at times to operate at 
high loads without overfire air. 


A recently published survey of the Japanese electric 
power industry placed the installed generating capacity 
at approximately nine million kilowatts, of which 68 per 
cent is hydro and 32 per cent thermal. 


Energy use last year in the United States, according 
to Eugene Holman, president of Standard Oil Company 
of New Jersey, amounted to 32,100 trillion Btu ob- 
tained from 468 million tons of coal, 21 billion barrels of 
il, 5.5 trillion cubic feet of natural gas, and 96.5 billion 
ilowatt-hours of hydroelectric power. 
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“Progressive Research has 


meant continuous leadership 
for over 100 Years” 


A few Ashcroft “‘firsts’’ that have 
anticipated the needs of industry: 
1921...Ashcroft introduces the micrometer adjustable 
pointer. 
1924...The rotary movement is announced by Ashcroft. 
1929. .. The phenol condensate plastic case is an Ashcroft 
“first” this year. 
1932... Bourdon Tubes of stainless steels are announced 
by Ashcroft research engineers. 
1936... Stainless steel movements, for greater service life, 
join the long list of Ashcroft Gauge features. 
Is... °Er Monel Bourdon Tubes, for services that would 
corrode stainless steel, introduced by Ashcroft. 
1939... Laminated phenol dials make this year a big one 
in Ashcroft development. 
1947... Ashcroft research engineers announce the new, 
revolutionary Nylon Movement*. 
*Pat. applied for. 
Stocked and sold by leading distributors everywhere. 
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cA Product of 


MANNING, MAXWELL & MOORE, INC. 
STRATFORD, CONNECTICUT 


Makers of ‘Ashcroft’ Gauges, ‘Hancock’ Valves, ‘Consolidated’ Safety and 

Relief Valves, ‘American’ Industrial and ‘Microsen’ Electrical Instruments. 

Builders of ‘Shaw-Box’ Cranes, ‘Budgit’ and ‘Load Lifter’ Hoists and other 
lifting specialties 


1850— A Century of Service to American Industry—!950 
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for use in a station with a natural supply 
of cooling water and the other in a station 
using cooling towers. 

In adopting this compromise, it was 
assumed that the recooled water would be 
at a temperature of 75-80 F, justifying a 
vacuum of 28.0 to 28.5 in., whereas with 
a natural supply of cooling water it was 
generally assumed that the temperature 
would be 60 F, justifying a vacuum of 
about 29 in. With an atmospheric tem 
perature of 60 F and a wet-bulb tempera- 
ture of 51 F, the minimum cooling water 
temperature to be expected from a tower 
would be about 75 F. However, the 
average atmospheric temperature would 
be quite appreciably below 60 F, and there- 
fore the temperature of the cooling water 
would be sufficiently below 75 F for a 
considerable proportion of the year, so 


Standardization of British 
Steam Turbine Plants 


it be capable of being started and stopped 
daily. 

Representatives of the British Steam 
lurbine Committee recommended at a 
meeting held under the auspices of the 
International Electrotechnical Commis- 
sion adoption of ratings and operating 
conditions as in the accompanying table. 
Final feedwater temperature is usually 
from 60 to 70 per cent of the saturation 
temperature of the steam supplied to the 
turbine. 


PAPER presented by I. V. Robinson 
A of the British Electrical and Allied 
Manufacturers’ Association before The 
lnustitution of Mechanical Engineers on 
November 24 tells of the extent to which 
standardization of turbines and auxiliaries 
has been contemplated and put into effect 
in power plant practice in Great Britain 

There are at least three distinct aspects 
of this type of standardization: 





(1) The simplification or reduction in 
number of component parts of 
equipment. RECOMMENDED RATING WITH STEAM PRESSURES AND TEMPERATURES 

(2) The standardization of capacities 
of complete units, of various 





Steam 
Temperature 


Steam 
Pressure 


. : . Continuous at Turbine at Turbine Maximum No. of 
components and subassemblies, Maximum Stop Valve Stop Valve, Feed water Extraction 
and of operating conditions, both Rating, Kw Psig F Temperature, F Points 
mechanical and electrical. 10,000 100 800 300 + 10 3 or 4 
aggaeee 20.000 100 800 300 + 10 3 or 4 
(3) The standardization of station de vies 600 850 335 + 10 t or 5 
: sii: cuted ion 30,000 600 850 335 «= 10 tor 5 
sign to allow repeated use of ar- 60,000 900 900 375 = 10 5 or 6 
rangement drawings. 100,000 1500 1050 110 + 10 6 
Simplification is a process that i - : eas — eae ; 
implificati = & process that © un Owing to the variation of the tempera- as to justify designing the condensing 





doubtedly adopted by every equipment 
builder. It may be used in connection 
with such components as oil pumps, valve 
chests and turbine governors 

In the past capacities of turbines have 
varied considerably and in some cases by a 
comparatively small amount for no dis- 
cernible reason. Units in Great Britain 
have been installed in sizes from 10 to 
60 mw by steps of 5 mw (except perhaps 
35 and 55 mw). Beyond this upper figure 
there are a few units of 75, 100 and 105 
mw, 

Consideration has been given to the 
adoption of the next size larger than 60 
mw, and it is believed that a 100-mw unit 
may prove useful. Hydrogen cooling is 
expected to provide a means whereby the 
same weight of stator windings will permit 
a greater output than with air cooling, due 
to decreased windage and reduced losses 
Up to the present hydrogen cooling has 
been designed for 15 psig, although units 
will give their rated output at '/. lb. In 
the future it is expected that generators 
will be designed for a hydrogen pressure 
of 30 psig, thus providing a further in 
crease in electrical output. 

In 1947 the British Ministry of supply 
issued an order which prohibited the manu 
facture, except by license, of any steam 
turbine above 10,000 kw except for 30,000 
and 60,000 kw. For the former, steam 
conditions are stipulated as 600 psig, 850 
I, and for the latter they are 900 psig 
and 900 F. 

The’ British Standards Institution 
Steam Turbine Committee has suggested 
that for the next standard size of 100 mw 
the steam conditions at the turbine stop 
valve should be 1500 psig and 1050 F 
(nder these conditions it is essential 
that the boilers be capable of maintaining 
very steadily the total temperature of the 
steam. It is also essential that stresses 
siould be such that equipment have a 
useful life of at least 100,000 hr and that 
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ture of available cooling water it has been 
considered practically impossible to stand- 
ardize the turbine exhaust pressure. 
However, a compromise is to design two 
exhaust ends for each turbine frame, one 
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COAL VALVES 


plant for a water temperature less than 
75 F, perhaps between 60 and 65F. This 
does not differ greatly from the tempera- 
ture of the natural supply of water. Al- 
lowing for the comparatively small por- 
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operate easily because they are equipped with 
double racks and pinions. This design moves 
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S-E-Co. Coal Valves fit the requirements of 





today’s modern plants. 


Send request for bulletin to 


STOCK EQUIPMENT COMPANY 
715 Hanna Building * Cleveland 15, Ohio 


EEE EN I SN RR Sl A TS TTS SINT oe yn RA 


71 









Ir you burn COAL, placing 
your name on our mailing list 
you NOTHING. The in- 


able to you 


costs 
formation made avail 

NDS OF | | 
an —— | FAIRMONT COAL BUREAU 
KE — 


UMDERFEED STOKER FiRiNG 


can $s | 
DOLLARS in future coal costs. ; 


To be up-to-date on coal 


burning development 
plant design — greater 













s—more 


efficient 
flexibility in use Of CO , 
dards of operating 


etc. fill out the 


al— 





modern stan 
performance, 


coupon below. 


The Fairmont Coal Bureau 


through its technical bulletins | 


and corps of fuel 


cialists offers coms 


burning spe- 
ulting eng* 
onsumers 4 


HOW TO 


neers and coal c 


proven service On 
CUT FUEL COSTS. 











FAIRMONT COAL BUREAU, Chanin Blidg., 122 E. 42nd St., New York 17, N.Y. 


Kindly place me on your mailing list to receive copies of your publications and Technical 


Reference Bulletins. (-12-50 


a = Company __ 
Position Nature of Business 
Address ___ City Zone State 











72 





tion of the year when the recooled wate: 
is at 75 F or above, it is suggested that 
satisfactory overall performance may bh 
obtained by using the same exhaust end 
for either a natural or a recooled supply 
of water. This would assist standardiza 
tion materially. 

Present practice for turbines up to 30) 
mw is to provide an evaporator with bled 
steam supplying the vapor to a feedwater 
heater normally connected to a lower bleed 
point. For sets of 60 mw and larger it i 
usual to supply a high-pressure evaporat 
ing plant operating independently of thx 
associated turbine. 


Plant Standardization Suggested 


Standardization of design of complete 
power stations is a field which the author 
believes should yield good results. It 
should be possible to take the complet 
arrangement drawings for one power sta 
tion and to erect a duplicate of the station 
on another site. It is understood that 
this has been, and is being, done to a small 
extent in the United Kingdom and in 
continental European countries. The ap 
plication of this form of standardization 
may present difficulties owing to the varia 
tion in the contour of the available sites, 
in the relative positions of natural water 
supplies, and of transportation facilities 
This development should reduce the time 
required for completion of a station by 
eliminating the considerable period which 
passes now before arrangement drawings 
have been approved by all interested par- 
ties. It should also make possible the 
adaptation of existing drawings, and by 
reducing the time demands on designers 
and draftsmen it may allow them to de 
vote more effort to progress in designing 
improved plants 

Although standardization offers many 
advantages by reducing the amount of 
design and drafting work, great care 
should be taken to ensure that it does not 
prevent progress. This point is thoroughly 
appreciated by the British Electricity 
Authority and has been guarded against 
by their practice of ordering approximately 
20 per cent of their annual requirements 
in plants of advanced design. By so doing 
British manufacturers are enabled to try 
out new schemes, and the British Electric 
Authority obtains a more economical 
plant without sacrifice of availability. 


As Others See Us 


The November issue of Engineering and 
Boiler House Review (London) reviews the 
report of two British teams, each of sixteen 
members, who recently returned from an 
extended inspection of American central 
stations and distribution systems. 

Comparing the use of electricity in the 
United States with that in Britain, they 
observed that the American industrial 
worker employed about three times as 
much electricity as the British worker, and 
that within twenty years the average an 
nual per capita use of electricity in the 
United States is expected to increase to ap 
proximately 4800 kwhr 
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Stating that technical development in 
the power field in the United States is far 
ahead, attention is called to the large 
generating units, higher steam pressures 
and temperatures, widespread employ- 
ment of the unit system of single boiler 
and turbine, centralized control and high 
load factors, all contributing to constantly 
improving efficiencies and lower costs per 
unit of electricity. At the newer stations, 
cconomy of manpower resulting from the 
large size of generating units, centralized 
control and group maintenance is very 
marked, 

It was pointed out further that the 
smallest new turbine-generator seen during 
the tour was 60,000 kw, which is the 
capacity of the largest standard British 
set; and the comment was made that es- 
tablishment of a much larger standard 
machine in Britain, together with em 
ployment of a unit boiler to suit it, would 
substantially increase the rate of com- 
missioning new plants in that country. 

A thing that greatly impressed the 
British visitors was the comparatively 
short time required for the construction 
of new American power stations. This 
they attributed to a high rate of output by 
the equipment manufacturers, coupled 
with careful planning and organization of 
the job. They stated that the time re- 
quired to complete and commission such a 
station, from start to finish, is little more 
than half the time usually taken in Britain. 


Rating Steam Generating 
Units 


I was interested by your editorial in the 
October issue of ComMBUSTION regarding 
the rating of steam generating units, and 
um heartily in agreement with your state 
ment that the proper measure of capacity 
is the heat input to the water and steam 
However, the difficulty in this is just that 
the Btu per hour is too small a unit, and 
there is no common method of expressing 
large multiples of the unit 

The watt, which is also an energy unit, 
does have commonly accepted multiples as 
kilowatt and megawatt. Therefore, we 
might get acceptance of boiler ratings in 
watt multiples. But this should not be de 
pendent on turbine performance The 
boiler rating should be, precisely, the heat 
idded to the working substance, expressed 
in megawatts, instead of Btu per hour. 

Thus the turbine thermal efficiency 
would be merely the ratio of megawatts on 
the bus bar to megawatts boiler output 
The system would be equally applicable to 
reheat or regenerative cycles, using steam, 
mercury, Dowtherm or what have you. 

We might even envisage the day when 
fuel heating values would be expressed in 
kilowatt-hours per pound, and _ specific 
heats in watt-hours per pound This 
vould certainly be a happy day for engi- 
neering students 

R. J]. SWEENEY 

Assistant Professor 

Department of Mechanical Engineering 
Lehigh University 
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Wing Turbines as an Alternate 
Source of Auxiliary Drive 


The use of turbines as an alternate source of auxiliary 
drive is good business in these days of urgent production 
and uncertain industrial conditions. When electric 
motor drive is subject to power failures due to strikes, 
fires, floods, hurricanes (or bomb attack), the ability to 
continue with steam auxiliaries is an advantage that is 
worth many times the 
cost of the alternate 
equipment. And the 
use of Wing Steam 
Turbines for such serv- 
ices as pumps, com- 
pressors, fans, blowers, 
generators, etc., can 
cut power costs by 
acting as a reducing 
valveonboilersteam 
for use in process 
and heating. 


L..J. Wing Mf%.Co. 


54 Vreeland Mills Road, Linden, N.J. 


Canadian Factory: Montreal, Canada 


Write for a copy 
of Bulletin SW-50 








AUXILIARY 
TURBINES 





73 














A Big Draft Job Handled Capably by Green Fans 


Twenty-four large Green Fans take care of a heavy draft load at 
the Venice (Illinois) Plant of the Union Electric Co. of Missouri. 
Each of six boilers has two sets of Green Fans, each set consisting 
of one induced draft fan and one forced draft fan coupled to one 
motor as a unit. With the heavy demands on this station, all 
boilers are usually in service continuously, thus throwing an 
unrelenting burden on the fans. 

Engineers whose responsibility it is to recommend or accept 
draft fans for large power plants certainly want efficiency and low 
operating costs. But they don’t overlook the maintenance and 
replacement angles. They want the sound designs of competent 
experienced fan engineers. They also want the care in construc- 
tion that is found in shops of a company that has built up an 
international reputation as the “authority” on draft fans. They 
know that such a company will not tolerate sloppy shop work. 


Green is this authority on mechanical draft fans. 











Have You a Copy 
of Our Fan Bulle- 
tin No. 168? If not, 


R E K N we shall be glad to 
© send you one. 


Fuel Economizer 
COMPAN v2 INC. 


THE 


























ECONOMIZERS @ FANS @ AIR HEATERS @ CINDERTRAPS 
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Veteran Engineer Honored 


John Hunter, well-known retired utility 
engineer and past vice president of th 
A.S.M.E., was honored on November 1 at 
Orlando, Fla., by being made a Fellow ol 
the Florida Engineers’ Society in recog 
nition of his many contributions to the 
engineering profession. Still robust at 
85, Mr. Hunter now resides at Winter 





Park, Fla. The above photograph shows 
him receiving the fellowship certificate 
Left to right are John B. Miller, secretary 
of the Florida Engineers’ Society, A. P. 
Michaels, past president of that society, 
Mr. Hunter, Curt Stanton, Orlando Utili 
ties Commission manager, and Arthur 
Hunter of New York, son of the honored 
guest. 





Business Notes 











Edward Valves, Inc., has added Samuel 
E. Bowler to its executive sales and engi- 
neering staff. Mr. Bowler recently retired 
as electric operating and engineering man 
ager of the Long Island Lighting System. 


The Air Preheater Corp., Wellsville, 
N. Y., announces the appointment of 
W. R. McKee as purchasing agent, suc- 
ceeding L. F. Keagle, recently deceased. 


Cochrane Corp., Philadelphia, has ad- 
vanced E. J. Bookout from eastern sales 
manager to the position of general sales 
manager. 


Manning, Maxwell & Moore, Inc., 
Bridgeport, Conn., has appointed R. F. 
Attner manager of valve distributer sales 
Mr. Attner joined the company in 1922 
and since 1945 has been assistant to the 
sales manager for Hancock valves. 


The Dampney Company of America, 
Boston, has appointed Allied Services Inc., 
Charleston, W. Va., as its sales and service 
representative for its protective coatings 
in southern West Virginia. 


E. F. Drew & Co. has named Martin P 
Kerins as Connecticut representative, with 
headquarters in Bridgeport, for its Power 
Chemicals Division. 

The Kuljian Corp., engineers and con 
structors, Philadelphia, has appointed 
Frank R. Simpson director of research and 
development. For the past eight years 
Mr. Simpson has directed research projects 
for the Franklin Institute. 
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New Books 


Any of these may be secured by writing 
Combustion Publishing Company 200 
Madison Avenue, New York 16, N. Y 








Steam Plant Operation 
Second Edition 


By Everett B. Woodruff and H. B. Lammers 


rhis book, originally brought out in 
1935, is aimed at presenting a practical 
text for the guidance of engineers engaged 
in operating stationary steam plants. It 
provides basic information on the com 
bustion of fuels, types and certain con- 
struction details of fuel-burning equip 
ment, boilers, their settings and auxili 
aries; also steam engines and turbines to 
gether with their auxiliaries. Moreover, 
considerable space is given to the safe and 
efficient operation and maintenance of 
steam plant equipment. At the end of 
each chapter is a list of questions, with 
specific text references as to where the 
answers can be found. This feature 
should be of great assistance to those pre 
paring to take examinations for an operat 
ing license 

In the present edition the text has 
been largely rewritten to bring it up to 
date as regards present designs of equip 
ment and current practice. 

There are 542 pages, 6 X 9 in., bound 
in cloth, and the price is $7 


Heat Insulation 
By Gordon B. Wilkes 


This book represents a compilation of 
many types of information pertaining to 
heat insulation over a wide range of tem- 
peratures. In a chapter on “‘Methods of 
Determining Heat Transfer Coefficients” 
there is an explanation of the guarded 
plate and guarded-box methods, a de- 
scription of a pipe-insulation tester, and 
an account of the several “Northrup” 
methods. Succeeding chapters detail fac- 
tors affecting the coefficient of thermal 
conductivity and types of insulating ma 
terials. There is also a chapter entitled 
“Reflective Insulation’? which is largely 
based on work carried out in the Heat 
Measurements Laboratory at M.L.T., 
where the author is Professor of Heat 
Engineering. 

The Appendix contains five useful 
tables: Coefficients of Thermal Conduc- 
tivity, Specific Heat and Thermal Diffu- 
Sivity, Emissivity and Reflectivity of Var 
ious Substances, Coefficients of Heat 
rransmittance for Building Walls with 
Calculated U Values, and Water-Vapor 
Permeability of Various Materials. 

There are 224 pages and the book is 
priced at $4 


Plant Engineering Handbook 
Edited by William Staniar 


This is a book intended to supplement 
the usual type of engineering handbook 
for those people in industry who are re 
sponsible for organization, design, con- 
truction, operation and maintenance. It 
was prepared by a staff of 87 specialists 
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And with the project already half completed, this com- 
pany’s central station steam-generating units will soon be internally 
protected with Apexior Number | surfacing. 


Why are these and scores of other high-temperature, 
high-pressure units constantly being added to the ranks of Apex- 
iorized boiler steel? 


We could give you many reasons. For one, there’s the 
matter of proper protection if you're considering chemical cleaning. 
Apexior saves metal by preventing acid contact. Because it discour- 
ages deposit formation and bonding, it also permits easier, quicker 
cleaning. 

Basically, though, there’s just one reason for Apexiorizing 
any boiler and that is to build into it an operating factor of safety 
not otherwise obtainable. With Apexior guarding internal surfaces, 
an expendable maintenance item — not costly metal — becomes your 
first line of defense. Should operating conditions deviate for any 
reason from the ideal, Apexior takes the consequences while steel, 
safely isolated, retains all of its initial strength and soundness. 


Apexiorizing is a simple, inexpensive way to make a 
good boiler better — something we've been specializing in now for 
thirty-three years. Our 8-page Bulletin 1530 gives you all the facts — 
and if you'll give us the necessary data on your boilers when you 
write (number and size of tubes and drums), we'll be happy to include 
a quotation. 


COMPANY OF AMERICA 


HYDE PARK, BOSTON 36, MASS. 





114-1 


75 








Dacitic 


BOILER FEED PUMPS 


Now being built for 









































: UTILITIES 
: INDUSTRIAL 
>: POWER PLANTS 
: MARINE SERVICE 
ee 2, QUANTITY fertces T tlee Vienne 
WBE : 11 Pumps | 47,700 | 259 710 
PACIFIC ; 
TYPE WBF e 
: 3 Pumps | 230,000 | 2e1F | 1110 
* 3 Pumps |358,120 | 220F | 1300 
‘ 4 Pumps | 350,000 300 1060 
PACIFIC TYPE ABF ; 
; 3 Pumps | 425,000 | 310F | 1825 
* 3 Pumps | 495,000 | 306F | 1619 
PBF : 2 Pumps | 450,000 | 310 | 1600 
* 6 Pumps | 405,000 | 305 ‘1750 
* 3 Pumps | 450,000 | 310 1825 
PACIFIC TYPE IBF . 
; 2 Pumps 163,600 260F 490 
s 1 Pump | 117,500 | 250F 775 
* 3 Pumps | 300,000 | 240 1000 
PACIFIC TYPE JBF . 
e 


acific Pumps inc. 


PACIFIC 





HUNTINGTON PARK, CALIFORNIA 
Export Office: Chanin Bldg., 


PU M p 122 E. 42nd St., New York 
Offices in All Principal Cities 


BF-7R 
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from 45 industrial organizations and five 
universities. 

The opening section, ‘Basic Costs and 
Cost Reduction,” is useful for making 
estimates in which long-term effects ar 
important considerations. In addition to 
costs this chapter provides data on man 
hours per unit on such commodities a 
food products, textiles, paper, chemicals, 
rubber, leather, iron and steel, machinery, 
automobiles and coal mining. Succeeding 
sections take up various aspects of man 
agement engineering, construction ma 
terials and structural design, fire preven 
tion, plant maintenance, water treatment, 
power plants., ete. 

The section on power plants makes up 
nearly 15 per cent of the handbook and is 
quite comprehensive in its coverage of 
power-plant thermodynamics, fuels, fuel 
preparation and burning equipment, boil 
ers and boiler auxiliaries, graphic power 
measurement, steam turbine-generators, 
gas turbines, compressors and pumps, 
hydraulic turbines, mechanical-drive tur 
bines, and ash-handling systems. Some of 
the material on boilers and fuel burning 
equipment has been adapted from Combus- 
tion Engineering, edited by Otto de 
Lorenzi. A concise summary of power- 
plant thermodynamics was prepared by 
H. L. Solberg and C. L. Brown of Purdue 
University, and an informative contribu- 
tion on gas turbines was written by Dr. 
J. T. Rettaliata. 

This handbook, with its 35 sections and 
nearly 2000 pages of information, provides 
many of the essentials of good practice in 
modern industrial plants. It has a flexible 
binding and sells for $15. 


Gas Producers and Blast Furnaces 
By Wilhelm Gumz 


The usual approach to gasification proc- 
esses has been an empirical one with little 
attention given to the development of 
theory and calculation methods. This 
book represents an attempt to find a better 
understanding of the reactions going on in 
the shaft of gas producers and furnaces by 
developing means of calculation. In this 
way it is hoped that the processes may be 
mastered and ways of improvement may 
be suggested. 

Part I of the book is devoted to gas 
producers with chapters on gasification 
reactions, gas composition at equilibrium 
and at incomplete equilibrium, and mathe- 
matical treatment of gas-producer per- 
formance. Part II takes up blast furnaces 
including gas composition and method of 
computation, while Part III deals with 
reaction kinetics. The calculations are 
based on the metric system, which is also 
used in tables in the Appendix on proper- 
ties of gases, steam-air or gas mixtures, 
enthalpy of gases, and equilibrium con- 
stants. 

The author has had a broad background 
of experience in Germany as editor of 
Feuerungstechnik and in research on coal 
gasification and distillation. In _ this 
country he was associated with Hydro 
carbon Research, Inc., for several years 
and is now a consultant to the Battelle 
Memorial Institute. 

The book contains 316 pages and sells 
for $7. 
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NEW EQUIPMENT 








Sedimentation Tanks 


A marked improvement in the design of 
sedimentation tanks for hot process water 
softeners has been developed by the 
Graver Water Conditioning Co., New 
York, N. Y. Known as the Graver 
Sphericone, the new design consists of 
hemisphere mounted on top of a cone 
The inverted cone provides a uniformly 
increasing area from tip to circular top 
which aids in the correct functioning of 
the tank, while the hemisphere provides 
added structural strength. The raw 
water, steam and chemical inlets, spray 
heater, deaerator and treated water collec 
tor are all mounted in the hemisphere; 
the inverted cone contains the downtake, 
sludge bed and the rising zone of the water 
being treated. 


Ratio Totalizer 


Hagan Corp., Pittsburgh, Pa., has an 
nounced the ‘‘Hagan Ratio Totalizer”’ 
which is a pneumatically operated control 





mechanism for combining input control 
pressures and spring forces in any desired 
manner to produce a single output control 
pressure. It is designed to be used in 
computing circuits for such functions as 
iddition, subtraction, multiplication and 
division of control signals. Field tests 
have indicated successful applications in 
general process control and in central 
Station and industrial power plant regula- 
tion. 
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Double Hung Arch 


rhe George P. Reintjes Co., Kansas 
City, Mo., has developed a double hung 
insulated refractory arch which incorpo 
rates the pendulum hung method of sup 
porting arches. Each unit of arch tiles is 
movably suspended from a tube which in 
turn is supported from the overhead 
framework by adjustable I or U bolts. 
Standardization of arch shapes is such 
that the thicknesses of the insulation on 
any arch are to all practical purposes 
unlimited, and stock-sizes of insulating 
blocks can be used without overheating 
supporting metal 


Instrument Piping Valves 


Valves for instrument piping and 
general use which reduce threaded connec- 
tions from ten to three are now being 
made by Jerguson Gage & Valve Co., 
Somerville 45, Mass. The valves com- 
bine unions, nipples, reducers, elbows, tees, 
valve and drain valve into one space-sav- 
ing unit, making possible the use of one 
valve to replace the multiple set-up pre- 
viously required. There are nine styles, 
some of the features of which include a 
safety shut-off, a double-seating stem for 
repacking under pressure, regrindable and 
renewable seats, and throttling stem. 





Draft Inducer 


For more precise control of furnace 
draft the L. J. Wing Mfg. Co., Linden, 
N. J., has made available a ‘‘ Draft Inducer 
with Integral Barometric.’’ The com 
bination of variable speed motors and 
integral barometric dampers is said to per- 
mit the operator to achieve the highest 
combustion efficiency. A hinged explo- 
sion gate is made a part of the barometric 
to relieve any excessive pressures that may 
develop in the breeching. 


Globe Valve 


A new 200-psi bronze “‘W.S.”’ globe 
valve has been made available by the Wm 
Powell Co., Cincinnati, Ohio. Features 
include extra high lift of the disk, large 
flow areas above and below the seat, and 
wide nominal pipe size opening through 
the seat. Valves are manufactured with 


screwed ends in sizes from !/s to 3 in., 
inclusive. 





coal—trakes the fines into the voids 
pockets generate heat. 
economical. 


SAUERMAN BROS., 





How to Build Safe Coal Piles with Least Labor 


Coal piled by a Sauerman scraper machine is safe from 
spontaneous combustion because the scraper compacts the 
so there are no air 
The operation is simple and 
One man, sitting in a cab overlooking the 
storage area, controls every move of the scraper. 
large Sauerman unit, this one man can handle up to 400 t.p.h. 


INC. 550 S. Clinton St., Chicago 7, Ill. 











Sauerman engineers have 
devised many variations in 
scraper equipment to meet 
diverse conditions. One type 
of Sauerman installation is 
pictured above; three other 
are shown below. 

For complete facts, 

write for Sauerman 

Coal Storage Book. 


With a 
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LOW MAINTENANCE COSTS ARE ASSURED 


with $-E-C0. COAL SCALES =GAS OR Ol 


Now’s the time to prepare for cold 
weather! Cut your power costs... 
modernization saves up to 10% on 
Large assembly door and feeder access your fuel and maintenance bills. 
Let skilled Todd specialists engi- 


door make it possible to remove the feeder neer your boiler plant for maxi- 

J E 2 mum economy—either by mod- 
and weigh hopper quickly as units. If the ernizing obsolete equipment or 
providing a new and efficient 


feeder support rails are also removed, the aon 


inside of the coal scale body is entirely free 
of operating parts. The inside of the scale ; 

Oil Burners 
is then clear for cleaning and painting. If Cs Beeeen 


this work is done occasionally, the scale Combination 
Oil and Gas 


body should last indefinitely. 17 —————— Burners 


Tr La 
ivri 


The sub-assembly idea is 


exclusive with S-E-Co. Coal ) : COMBUSTION EQUIPMENT DIVISION 
Scales. This is another reason TODD SHIPYARDS CORPORATION 


why these units will give the 81-16 45th Ave., Elmhurst, Queens, N. Y. 
See Your Classified Telephone Book 


NEW YORK * BROOKLYN * ROCHESTER * BUF- 
FALO * HOBOKEN * NEWARK * PHILADEL- 
PHIA * HARRISBURG * YORK * PITTSBURGH 
CHICAGO * RALEIGH * CHARLESTON, S.C. 
os | =| BOSTON * SPRINGFIELD, MASS, * BALTIMORE 

Send your inquiry to | es WASHINGTON * RICHMOND, VA. ® ATLANTA 
BIRMINGHAM ® CLEVELAND ® DETROIT 

GRAND RAPIDS * TAMPA * GALVESTON 

SAN ANTONIO * DALLAS * HOUSTON 

STOCK EQUIPMENT COMPANY i lscte'scctioes es 
PORT * DENVER * SALT LAKE CITY * LOS 

ANGELES * SAN FRANCISCO * SEATTLE 

MONTREAL * TORONTO * BARRANQUILLA 


115C Hanna Building Cleveland 15, Ohio  Ssxos "ss" toncon 
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best coal scale operation. 








